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The  Maturity  of  Agricultural  Science 

Some  scientists  would  have  us  believe  that  several 
of  the  agricultural  disciplines  have  reached  a  state 
of  maturity  and  are  now  entering  a  long  era  of  minor 
refinements  and  position  consolidating.  Such  a 
philosophy  can  often  be  noted  among  those  sci- 
entists who  are  approaching  the  ebbtide  of  their 
careers.  Their  attitudes  may  actually  betray  a  feel- 
ing of  compassion  for  beginning  scientists  who,  they 
suspect,  lack  the  exciting  horizons  that  characterized 
an  earlier  era. 

Although  it  is  true  that  a  state  of  maturity  can 
logically  come  to  a  given  science  and,  thus,  repre- 
sent its  final  and  legitimate  phase,  one  can  never 
be  quite  sure  when  it  has  arrived.  Julian  Huxley 
warns  that  all  it  takes  is  one  solitary  fundamental 
discovery  to  remind  us  that  a  science  is  still  in  its 
second  stage — that  of  building  theory.  As  a  matter 
of  fact,  a  series  of  negative  findings  may  even  in- 
dicate that  a  discipline  has  not  yet  left  its  first 
phase — that  of  amassing  knowledge. 

Using  Huxley's  assumptions  as  a  guide,  therefore, 
one  need  only  casually  examine  the  current  state 
of  the  agricultural  sciences  to  reach  the  conclusion 
that  not  a  single  one  of  our  disciplines  has  reached 
the  coveted  third  phase  in  its  development. 

How  can  we  be  sure,  for  example,  that  we've 
reached  a  permanent  plateau  in  whittling  down  the 
feed/gain  ratio  of  a  farm  animal?  Or  that  citrus 
fruit  has  to  be  harvested  by  hand?  Or  that  we  have 
to  live  with  certain  plant  diseases? 

Exactly  what  are  the  desirable  and  realistic  pla- 
teaus of  achievement  in  the  agricultural  sciences? 
The  answer  is,  of  course,  that  there  are  none  and 
never  will  be.  Nor  in  any  other  branch  of  science. 
To  admit  stagnation  presupposes  that  the  human 
brain  has,  in  turn,  reached  its  last  plateau  of  de- 
velopment. Hopefully,  that  stage  of  man's  exist- 
ence is  but  a  figment  of  idle  fancy. 


Information  in  this  magazine  is  not  copyrighted  and  may 
be  reprinted  without  permission.  Mention  of  the  source 
will  be  appreciated  but  is  not  required. 
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The  Problem  of 


Plant  Breeders'  Rights 

S.  O.  FEJER 


LEGISLATION  concerning  various  forms  of 
J  variety  protection,  or  "plant  breeders'  rights", 
is  rapidly  spreading  in  Western  Europe,  since  the 
Convention  of  Paris  for  the  Protection  of  New 
Varieties  of  Plants  of  1961  was  signed  by  eight  coun- 
tries. A  few  European  countries  adopted  such  sys- 
tems several  decades  ago,  but  in  the  New  World 
there  is  widespread  resistance  to  these  develop- 
ments, although  many  think  that  inevitably  they 
will  be  adopted  due  to  international  pressure. 

This  paper  outlines  the  most  commonly  used 
arguments  for  and  against  the  introduction  of  plant 
breeders'  rights,  after  surveying  the  historical  back- 
ground. An  analysis  of  these  arguments  \vill  be  at- 
tempted and  some  new  ones  will  be  introduced. 
This  is  not  intended  as  a  plea  for  or  against  plant 
breeders'  rights,  but  it  is  hoped  that  a  better  knowl- 
edge of  this  complex  problem  will  be  of  help  in  ar- 
riving at  an  eventual  solution.  Any  solution  will 
have  to  be  in  the  nature  of  a  compromise  between 
opposing  interests  and  opinions. 

The  author  is  indebted  to  many  sources,  as  docu- 
mented. These  will  be  freely  used,  with  emphasis 
on  forage  crops,  with  which  the  author  is  most 
familiar.  Any  views  expressed  are  his  own,  and  do 
not  represent  those  of  this  journal  or  any  public 
body. 


Historical  Developments 

The  Universal  Declaration  of  Human  Rights  by 
the  United  Nations  adopted  the  principle  that 
"everyone  has  the  right  to  protection  of  the  moral 
and  material  interests  resulting  from  any  scientific, 
literary  or  artistic  production  of  which  he  is  the 
author".  However,  a  glance  into  the  history  of 
invention  and  other  "spiritual  property"  shows  that 
their  protection  in  the  form  of  patents,  trademarks 
and  copyright  developed  much  less  from  idealistic 
concepts,  than  from  the  commercial  privileges  of 
the  Middle  Ages.  Such  monopolies  spread  from 
England  to  the  New  World  and  persisted  there  in 
some  states  till  the  last  century.  In  Western  Europe, 
the  monopolies  of  the  craft  guilds  gave  way  to  in- 
dustrial development,  and  the  patent  system  evolved 
to  give  incentive  for  the  establishment  of  new  in- 
dustries (25) 

The  first  patent  regulation  in  the  modern  sense 
was  legislated  by  the  Senate  of  V enice  in  1474.  One 
of  the  early  patents  under  this  la^v  was  given  to 
Galileo  for  a  machine  for  raising  water  and  irrigat- 
ing land.  In  Britain,  however,  agricultural  crops 
were  not  involved  in  the  early  development  of  pat- 


Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  6. 
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ent  law.  The  Statute  of  Monopolies  of  1623,  which 
served  as  a  model  for  former  colonies,  defined  the 
"manner  of  new  manufacture"  in  a  way  which  was 
interpreted  till  recent  times  to  exclude  processes 
making  use  of  the  natural  functions  of  plants  and 
animals  (7) .  This  hardly  satisfied  the  requirements 
of  modern  competitive  agriculture,  especially  since 
in  the  medical  field  antibiotics  extracted  from  se- 
lected fungi  were  protected  in  the  United  States  by 
patents  (11) .  A  legal  precedent  was  created  in 
England  in  1962  concerning  the  use  of  proteolytic 
enzymes  to  improve  meat  tenderness.  Extension  of 
this  precedent  to  new  varieties  of  plants  and  ani- 
mals was  urged  (7).  Legislation  was  enacted  in 
the  United  Kingdom  in  1964;  the  Plant  Varieties 
and  Seeds  Act  is  now  in  operation  for  cereals  {21, 
22). 

In  the  United  States,  the  Patent  Acts  of  1790 
and  1836  were  extended  in  1930  to  cover  most 
asexually  propagated  plants.  Further  extension  to 
cover  seed  plants  was  advocated  {15) ,  but  many  feel 
that  other  means,  in  particular  seed  certification 
(6),  would  be  more  suitable.  However,  certifica- 
tion systems,  unlike  plant  patents  or  breeders'  rights 
were  not  devised  to  protect  the  plant  breeder  and 
will  not  be  discussed  in  detail  in  this  review. 

In  Canada  seed  certification  has  long  been  opera- 
tive but  additional  legal  protection  was  also  con- 
sidered. In  1960  a  Royal  Commission  on  patents 
{14)  refuted  the  introduction  of  plant  patents  in 
Canada,  quoting  from  a  similar  report  of  a  U.S. 
Senate  subcommittee  (Research  Study  No.  15,  by 
F.  Machlup)  :  "If  we  did  not  have  a  patent  system, 
it  would  be  irresponsible  on  the  basis  of  our  present 
knowledge  of  its  economic  consequences  to  recom- 
mend instituting  one." 

This  point  of  vie^v  conflicts  with  the  arguments 
used  by  the  United  Kingdom  committee  {11)  for 
granting  the  plant  breeder  rights  in  his  new  vari- 
eties as  a  matter  of  equity.  These  rights  would 
give  him  a  means  to  negotiate  a  fair  return  from 
others  benefiting  from  the  products  of  his  hand 
and  brain.  This  would  put  him  into  a  similar  posi- 
tion to  that  enjoyed  by  inventors,  authors  and  artists 
who  are  protected  against  "piracy"  of  their  ^vork. 
Beside  this  moral  argument  recognizing  the  "art  of 
plant  breeding,"  a  real  economic  necessity  was  seen 
in  the  increasing  complexity  in  plant  breeding  with 
the  advanced  scientific  knowledge  necessary  to  fur- 
ther progress.   This  complexity  requires  the  invest- 


ment of  large  resources,  and  only  if  the  plant  breeder 
is  assured  that  he  can  recoup  these  expenditures, 
can  the  private  sector  of  the  industry  be  expected 
to  develop  any  new  variety.  In  the  United  King- 
dom the  financial  rewards  were  very  modest,  and 
generally,  private  plant  breeding  was  a  part  time 
activity  of  seedsmen  and  nurserymen.  From  the  in- 
troduction of  plant  breeders'  rights,  a  stimulation  is 
expected,  especially  in  the  breeding  of  self-polli- 
nated crops — as  exemplified  by  the  success  of  private 
breeders  in  continental  Europe. 

Counter  arguments  prevail  in  the  United  States 
{20).  Some  public  plant  breeders  question  the 
necessity  for  private  plant  breeding  in  certain  crops, 
and  this  question  is  difficult  to  resolve.  Ho\vever, 
all  plant  breeders  seem  to  be  afraid  of  the  curtail- 
ment of  free  exchange  of  germ  plasm  among  breed- 
ers and  its  effects  on  progress.  Expenses  for  de- 
veloping distinctive  characters,  and  for  testing  and 
verification  by  some  public  body  are  thought  to 
divert  funds  from  more  important  breeding  prob- 
lems. Release  of  varieties  may  be  delayed  by  such 
tests.  Registration  fees  and  the  risk  of  not  being 
accepted  may  actually  discourage  the  breeding  of 
new  private  varieties,  particularly  if  compulsory 
registration  \vere  legislated. 

For  a  better  understanding  of  this  problem  of 
plant  breeders'  rights,  it  will  be  necessary  to  review 
the  issues  involved  in  somewhat  greater  detail. 
These  are  difficult  to  separate,  but  the  main  issues 
around  \vhich  the  discussions  on  the  desirability  and 
nature  of  legal  interference  turn  are:  (a)  the  pres- 
ent balance  of  public  versus  private  plant  breeding, 
and  (b)  the  biological  nature  of  the  crops  involved. 
Beside  those  already  quoted,  discussions  took  place 
in  Germany  (XIII  Meeting  of  the  European  Con- 
federation of  Agriculture)  ( 16) ,  in  the  Netherlands 
(I.V.R.O.,  Wageningen  (5),  during  the  XI  In- 
ternational Congress  of  Genetics) ,  and  in  the  United 
States  (55th  annual  meeting  of  the  American  So- 
ciety of  Agronomy)  {12) .  The  last  meeting  was  re- 
cently critically  summarized  {20),  and  further  com- 
mented on  ( 1 , 19) . 

Public  vs.  Private  Plant  Breeding 

The  problem  of  plant  breeders'  rights  came  up  at 
a  time  when  the  general  tendency  in  western  demo- 
cratic societies  was  toward  the  restriction  of  any 
monopolistic  rights  of  one  individual  against  others. 
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For  instance,  the  difficulty  of  giving  the  horticul- 
tural breeder  legal  ownership  rights  to  sports,  muta- 
tions and  variations  discovered  by  the  propagator 
and  the  grower  led  to  so-called  "Breeder-grower" 
agreements  in  the  United  States,  but  antitrust  legis- 
lation makes  these  open  to  challenge  {20) .  On  the 
other  hand,  communist  countries  found  it  neces- 
sary to  encourage  private  enterprise  in  the  field 
of  plant  breeding  by  government  grants  {11) . 

The  relative  importance  of  public  and  private  en- 
terprise is  much  less  based  on  their  efficiency  in 
organizing  a  certain  type  of  activity  than  on  his- 
torical development.  As  an  example — in  contrast 
to  plant  breeding — telephone,  telegraph,  and  rail- 
way systems  are  considered  in  Europe  as  par  excel- 
lence public  fields  to  be  run  by  the  state,  while  in 
the  U.S.A.  the  situation  is  just  the  opposite.  Any 
change — and  here  we  are  only  interested  in  the 
plant  breeding  field — will  have  to  be  considered  on 
its  own  merit,  and  a  review  of  the  present  situation 
in  dijfTerent  countries  should  be  of  some  help. 

Competition  between  public  and  private  varieties 
was  assuring  steady  increases  in  wheat  yields  in  the 
United  Kingdom,  and  the  recent  introduction  of 
plant  breeders'  rights  in  that  country  is  expected  to 
maintain  this  trend  {21).  Future  policy  there  is 
toward  encouraging  the  protection  of  both  private 
and  public  plant  breeding,  and  sharing  the  royalty 
income  from  public  varieties  between  the  tax-payer 
and  future  breeding  work  {11) . 

In  countries  where  the  state  was  doing  all  the 
plant  breeding,  legislation  of  breeders'  rights  was 
pointless,  until  the  recent  upsurge  of  international 
seed  trade  and  competition  with  imported  private 
varieties  posed  a  problem.  It  is  hardly  a  coincidence 
that  two  of  the  major  exporting  countries,  the 
Netherlands  and  Germany,  protected  their  plant 
breeders  through  a  comprehensive  statutory  sys- 
tem {11,  12)  passed  by  legislation  more  than  20 
years  ago  and  that  private  plant  breeding  has  had 
a  long  tradition  in  both  countries,  confining  the  ac- 
tivity of  state  institutes  to  basic  research.  France  is 
in  a  broadly  similar  position,  with  relatively  little 
public  plant  breeding,  but  with  a  largely  nonstatu- 
tory system,  coupled  with  a  unique  protection  by 
trademarks.  In  Denmark,  also,  private  breeding 
predominates  and  breeders'  protection  has  been 
legislated  recently,  while  in  Sweden  both  breeding 
and  protection  are  cooperative  efforts  of  private 
industry  and  state.    All  these  countries,  except 


Sweden,  signed  the  Paris  Convention  of  New  Vari- 
eties of  Plants  of  1961,  requiring  variety  protection 
for  1 3  general 

In  the  United  States,  where  there  is  no  copyright 
on  governmental  publications,  there  is  a  similar 
tendency  to  extend  free  availability  to  the  general 
public  of  all  federally  developed  patents  {20) .  This 
policy  was  practiced  by  the  Department  of  Agri- 
culture in  the  past — for  example,  with  DDT  and 
penicillin  research.  In  the  exceptional  case  when 
the  use  of  pollen  parents  with  genes  for  fertility  res- 
toration in  crosses  with  cytoplasmic  male-steriles 
was  patented,  infringements,  although  frequent, 
were  left  undisputed." 

Most  public  breeders  are  strongly  against  the  in- 
troduction of  plant  breeders'  rights  {12),  and  pub- 
licly developed  plant  material  is  released  for  the  free 
use  of  any  private  breeders — for  example,  inbred 
lines  for  maize  hybrids  or  superior  clones  for  forage 
synthetics.  Under  such  circumstances,  private  in- 
dustry relies  heavily  on  other  means  of  protection, 
partly  by  mutual  agreements,  but  mainly  by  keeping 
the  final  combination  of  parents  a  trade  secret. 
This,  itself,  may  have  disadvantages  to  the  public, 
but  the  main  handicap  is  that  private  breeding  is 
confined  to  crops  suitable  for  nonstatutory  protec- 
tion. In  fact  the  virtual  unanimity  in  opposing 
breeders'  rights  in  the  United  States  {12)  may  be 
partly  explained  by  the  missing  voice  of  any  pri- 
vate breeders  for  crops  such  as  cereals  and  soybeans. 

^  Personal  communication  from  C.  S.  Garrison. 
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If  international  considerations  force  the  introduc- 
tion of  breeders'  rights  on  the  United  States,  it  is 
predictable  that  governmental  institutes  \vill  grad- 
ually withdraw  from  breeding  such  crops,  and  con- 
fine their  activity  to  basic  research  (11). 

There  is  a  revealing  study  from  Germany  (16) 
touching  on  many  of  these  problems,  and  as  it  uses 
mainly  biological  criteria,  it  serves  as  a  bridge  to 
our  next  subject.  There  is  a  high  correlation  be- 
tween the  number  of  private  plant  breeders  working 
on  a  particular  crop  in  Germany,  and  the  factors 
making  the  breeding  of  that  crop  profitable.  These 
factors  are  frequent  reseeding,  large  amount  of  seed 
used,  peculiarities  of  seed  production  causing  high 
seed  price,  and  little  use  of  homegro\\"n  seed  (de- 
pending on  the  part  of  the  plants  usually  harvested 
for  consumption,  on  disease  problems  and  on  the 
breeding  system).  Balancing  unprofitability  in 
some  of  these  factors  is  the  protection  by  plant 
breeders'  rights.  For  example,  potatoes  and  cereals 
are  at  the  top  of  the  list  of  the  number  of  private 
plant  breeders,  in  spite  of  the  use  of  homegrown 
seed  ;  some  unprotected  crops  are  at  the  bottom, 
such  as  asparagus,  marrows,  fruit  crops,  and  forest 
trees.  Breeding  of  forest  trees  is  a  state  respon- 
sibility in  Germany,  where  other  public  plant  breed- 
ing activity  is  regarded  as  unfair  competition  to 
private  firms,  and  a  special  levy  on  public  varieties 
or  a  subsidy  to  private  ones  is  advocated  for  coun- 
tries where  public  and  private  breeding  coexist  {16) . 
The  income  from  breeding  certain  crops  is  indirectly 
influenced  by  the  German  Federal  Republic  through 
price-fixing  regulations,  but  plant  breeders  em- 
ployed by  private  firms  or  by  the  state  are  still  re- 
garded as  underpaid  [16]  and  a  levy  on  all  arable 
acreages,  as  practiced  by  the  Dutch  Government,  is 
recommended. 

In  any  case,  whenever  the  breeding  of  important 
crops  is  for  any  reason  unprofitable,  and  breeders' 
rights  or  public  subsidy  to  private  breeders  are  ruled 
out  for  one  reason  or  another,  public  plant  breeding 
is  indispensable.  Beside  the  example  of  forest  trees, 
and  in  some  countries  fruit  crops,  the  extension  of 
the  ecological  amplitude  of  a  crop  into  a  new  area 
may  belong  here,  such  as  breeding  maize  varieties 
for  high  latitudes.'' 
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'■  Personal  communication  from  L.  S.  Donovan. 


Breeders  Rights  and  Biological  Nature  of  Crops 

The  term  "variety"  was  defined  by  the  Inter- 
national Code  of  Nomenclature  for  Cultivated 
Plants  as  a  synonym  for  the  accepted  term  "culti- 
var",  which  "denotes  an  assemblage  of  cultivated 
individuals  which  is  distinguished  by  any  char- 
acter (morphological,  physiological,  cytological, 
chemical,  or  others)  significant  for  the  purpose  of 
agriculture,  forestry,  or  horticulture,  and  which, 
when  reproduced  (sexually  or  asexually) ,  retains  its 
distinguishing  features"  (Art.  5).  The  following 
subdivision  is  provided:  (a)  Clones  (vegetatively 
propagated  varieties)  ;  (b)  lines  (self- pollinated 
varieties)  ;  (c)  cross-pollinated  crops;  and  (d)  first 
generation  hybrids  ( Art.  11). 
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The  code  provides  a  sound  basis  for  agronomic 
and  legal  purposes,  and  it  has  been  accepted  by 
many  nations.  However,  it  is  still  not  strictly  fol- 
lowed in  practice.  Denmark  allows  a  further  sub- 
division of  varieties  into  less  typical  strains  (18). 

The  chief  criterion  of  any  protection  of  invention 
is  novelty  or  distinctness.  Without  it,  the  challeng- 
ing of  any  patent  infringement  would  be  impos- 
sible. Plant  varieties  have  to  be  new,  and  also 
uniform  and  stable  in  most  countries,  and  they  have 
to  bear  a  name.  All  this  is  in  line  with  the  Code 
of  Nomenclature.  Utility,  on  the  other  hand,  is  not 
required  by  the  Paris  Convention,  and  the  registra- 
tion program  of  the  Crop  Science  Society  of  Amer- 
ica was  changed  recently  to  omit  this  requirement 
{20) .  The  reason  for  this  is  that  utility  is  difficult 
to  prove  in  a  court  of  law,  and  is  best  left  to  an 
independent  certification  system. 

The  proof  of  novelty  depends  to  a  large  degree 
on  the  requirement  of  uniformity  and  it  may  need 
a  graduated  measure.  This  could  be  close  to  100 
percent  in  clones  and  other  asexually  reproduced 
varieties  such  as  apomictic  grasses,  and  in  many 
self-pollinated  varieties.  The  difficulty  of  protect- 
ing these  crops  stems  from  their  easy  reproducibility. 
The  problem  is  similar  to  the  protection  of  copyright 
from  tape  recording  and  xerography.  Protection 
there  is  confined  to  propagating  material  intended 
for  sale,  and  the  same  attitude  was  adopted  by  the 
United  Kingdom  concerning  farmers'  home-saved 
seed  and  other  nontrading  activities  in  crops  [11) . 

The  ownership  of  sports  and  other  variants  dis- 
covered by  the  purchaser  is  another  problem  in 
asexually  reproduced  crops,  and  the  United  King- 
dom view  is  that  they  should  be  regarded  as  new 
varieties  owned  by  the  discoverer  if  they  are  suffici- 
ently distinct  {11) .  However,  some  kind  of  legal 
exclusion  of  contractual  propagators  and  growers 
could  be  devised  if  it  is  deemed  necessary  to  give 
the  breeder  rights  to  sports  that  arise  in  his  variety. 

In  cross-fertilized  crops,  uniformity  and  stability 
are  the  primary  considerations  of  protection,  and 
the  problem  is  particularly  difficult  with  forage 
crops  which  offer  few  prominent  characters,  and 
where  yield  itself  depends  on  the  various  possible 
forms  of  management  {4).  Biological  protection 
may  be  sought  by  breeding  first  generation  hybrids, 
as  shown  by  the  classical  example  of  hybrid  maize, 
where  seed  increase  normally  leads  to  deterioration, 
and  uniformity  is  provided  by  single-crosses  and  less 


perfectly  by  double-crosses.  In  forage  crops  synthe- 
tic varieties  are  predominant,  and  as  far  as  vigour  is 
concerned,  these  are  not  necessarily  inferior  to  first 
generation  hybrids.  Even  in  maize,  some  geneticists 
have  produced  evidence  that,  due  to  relatively  high 
general  combining  abilities,  there  is  a  place  for 
synthetic  varieties  {13).  However,  without  plant 
breeders'  rights,  biological  protection  is  essential  to 
ensure  financial  reward.  Private  breeders  of  forage 
synthetics  were  among  the  few  supporters  of  protec- 
tion in  the  United  States  {12) ,  but  in  the  meantime 
they  are  actively  interested  in  developing  first  gen- 
eration hybrids.  Incidentally  in  alfalfa,  where  spe- 
cific combining  ability  is  claimed  to  be  relatively  im- 
portant (5) ,  this  approach  may  lead  to  higher  yields, 
but  because  of  the  polyploid  nature  of  this  and  many 
other  forage  crops,  there  is  reason  supported  by  ex- 
perimental evidence  (5)  to  think  that  maximum 
yields  may  be  reached  in  later  generations  and  con- 
sequently the  biological  protection  may  be  lost. 

A  practical  way  of  maintaining  the  identity  of 
synthetic  varieties  is  to  have  a  suitable  marker  char- 
acter, but  the  additional  expense  and  delay  caused 
by  searching  for  such  a  character  is  sometimes 
regarded  as  prohibitive  {12).  However,  in  coun- 
tries with  a  long  history  of  seed  certification,  best 
results  in  maintaining  the  identity  of  varieties  were 
achieved  when  such  characters  were  located,  often 
with  little  effort  on  the  breeder's  part.  In  New 
Zealand,  simple  biochemical  tests  were'  used  for 
perennial  ryegrass  (fluorescence- test)  and  white 
clover  (picric  acid-test) .  For  red  clover,  a  system 
based  on  intemode  counts  was  developed  (5),  and 
the  present  author  found  speed  of  germination  in 
osmotic  salt  solution  a  promising  method.  Light 
and  temperature  treatments  were  found  satisfac- 
tory to  distinguish  between  established  varieties  of 
trefoil  in  New  York  State  {10)  and  the  work  was 
recently  extended  to  the  use  of  growth  promoters 
and  inhibitors.^  In  the  absence  of  suitable  tests, 
breeding  for  the  introduction  or  the  loss  of  a 
marker  gene  is  a  routine  procedure  as  described  for 
two  New  Zealand  experimental  varieties  of  white 
clover,  "HCN-free"  and  "red-midrib"  (2).  In 
Canada,  the  relative  absence  of  leaf  marks  in  Bol- 
lard red  clover  is  a  measure  for  detecting  shifts  in 
the  pedigree  generations  of  the  blended  variety 
Lasalle  {8). 


Personal  communication  from  J.  Pauksens. 
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Utility,  as  mentioned  before,  is  a  property  very 
difficult  to  judge  even  by  expert  plant  breeders.  In 
some  countries,  in  conjunction  with  certification 
systems,  lists  of  recommended  varieties  are  published 
from  time  to  time,  based  on  agronomic  tests. 
These  are  generally  regarded  with  suspicion  by  the 
seed  trade,  especially  if  they  are  in  the  nature  of 
restricted  hsts.  Admittedly,  with  any  merchandise, 
consumer  protection  is  a  difficult  problem,  involv- 
ing such  issues  as  ethical  advertising,  and  is  mostly 
left  to  private  cooperatives.  The  example  of  to- 
bacco shows  that  different  agencies  within  a  govern- 
ment may  have  conflicting  opinions.  However, 
lists  excluding  obviously  useless  or  harmful  varie- 
ties— such  as  the  Noxious  Weed  Acts — may  be  of 
public  interest  in  some  cases. 

Conclusions 

Nothing  has  been  said  about  the  duration  of 
plant  breeders'  rights.    This  varies  from  a  few 


years  in  some  countries  and  crops  up  to  25  years  in 
others,  as  compared  to  copyright  which  expires  50 
years  after  the  author's  death.  All  patents  in  the 
United  States,  including  plant  patents,  are  pro- 
tected for  17  years.  Whether  protection  is  given 
by  some  specialized  body  such  as  the  new  Plant 
Variety  Rights  Office  in  the  United  Kingdom,  or 
by  an  existing  Patent  Office  as  for  some  asexually 
propagated  plants  in  the  United  States,  is  of  sec- 
ondary importance.  However,  international  agree- 
ments for  mutual  recognition  of  breeders'  rights  are 
necessar\'  at  the  time  of  their  introduction.  These 
should  include  the  question  of  official  tests  required 
before  granting  protection,  and  there  is  much  to  be 
said  for  the  point  of  view  (15)  that  appHcation  for 
protection  should  be  voluntary  and  that  testing 
for  novelty  and  uniformity  should  be  done  by  the 
breeder.  Rights  could  be  given  then,  within  rea- 
son, on  the  basis  of  these  tests,  and  challenged 
before  the  courts. 
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A  Layman's  View 


Given  the  world  we  live  in,  I've  wondered 
whether  the  Station  could  be  of  more  specific 
assistance,  than  I  am  aware  it  presently  is,  to  local 
governments  and  regional  planning  agencies.  This 
would  provide  an  opportunity  to  come  into  direct 
contact  with  the  consumer  where  he  lives — where 
he  uses  air  and  water  and  land  and  products.  It 
is  here  where  he  is  beset  with  conflicting  desires  and 
ideals  and  necessities.  Is  it  reasonable  to  suggest 
that  as  a  regional  plan  develops  or  a  community 
Conservation  Commission  lays  out  a  course  of  action 
that  the  Station  be  asked  to  pass  judgment  on  the 
ecological  effects  of  the  propositions?  It  occurs  to 
me  that  if  this  sort  of  work  were  undertaken  it  could 
lead  to  what  I  believe  the  research  people  call 
"input";  that  is,  the  introduction  of  new  areas  for 
either  applied  or  pure  research. 

The  longer  I  live  the  more  conscious  and  alarmed 
I  become  about  the  proliferation  and  fragmentation 


of  knowledge  on  the  one  hand  and  the  interde- 
pendence of  all  of  life  on  the  other.  Scientific  and 
technological  advances  are  such  that  the  specialist 
can  hardly  keep  abreast  of  his  own  rapidly  extend- 
ing and  changing  field,  much  less  does  he  have  time 
to  share  in  other  developments.  The  interdepend- 
ence and  interrelationship  of  life  and  living  is  not 
ahvays  sufficiently  considered.  Modem  society  does 
not  develop  as  a  balanced  whole  nor  is  it  viewed  as 
such.  But  greater  efforts  should  be  made  to  this 
end. 

I  am  sure  there  is  some  sort  of  moral  which  can 
be  applied  here  in  the  old  couplet  which  goes  this 
way : 

"The  crane  which  waited  for  the  sea  to  sink 
And  leave  dried  fish  to  feed  him,  died,  I  think." 

By  Percy  Maxim  Lee 


Quoted  by  permission  of  the  author  from  "A  Layman's  View,"  the  Samuel  W.  Johnson 
Memorial  Lecture,  which  was  delivered  at  the  Connecticut  Agricultural  Experiment  Station, 
New  Haven,  as  a  feature  of  the  Station's  annual  Science  At  Work  program  on  August  10,  1966. 
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Engineering 
Applications  of 
ELECTRO  -PHYSIOLOGICAL 
PROPERTIES  OF  PLANTS 


<^  >.  t>  u  «  «  c 


JOSEPH  MOLITORISZ 


IN  all  probability,  all  forms  of  biological  acti\ities 
possess  characteristic  electric  signals.  Living 
systems  are  never  in  equilibrium:  therefore,  some 
energ\'  must  be  continuously  expended.  Any 
change,  \v-hether  in  the  external  or  internal  environ- 
ment, results  in  some  form  of  response  that  absorbs 
energ)^  and  this  energ\'  must  be  immediately  avail- 
able. The  electric  potential  of  a  living  system  may 
therefore  be  assumed  as  an  energ)-  reservoir  which 
can  be  drained  to  supply  the  energ}-  to  perform  the 
responsive  action.  The  pattern  of  the  potential 
differences  defines  an  electrodynamic  field  which 
may  determine  growth  and  development,  or  simply 
the  life  pattern  of  that  biological  system. 

Early  Research 

Plant  scientists  have  been  interested  in  the  pos- 
sible effect  of  electric  current  on  the  growth  of 
plants  for  more  than  200  years.  Earlier  studies 
showed  striking  increases  in  growth  and  yields, 
despite  an  apparent  lack  of  exactness  in  procedure. 

Editor's  comment:  There  is  a  very  large  body  of  published 
information  on  electrophysiology  of  plants.  Are  there 
important  opportunities  for  innovation? 
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In  1870,  the  Abbe  Bertholon  in  France  treated 
various  garden  plants  by  sprinkling  them  \\ith 
electrified  water  [1) }  A  gardener,  standing  on  a 
slab  of  insulating  material,  carried  the  sprinkling 
can  \vhich  was  electrified  by  a  static  machine.  The 
report  reads:  "By  means  of  this  process,  strange  for 
the  times,  the  good  Abbe  Bertholon,  who  was  con- 
sidered something  of  a  sorcerer,  obtained  salads  of 
an  extraordinary-  size." 

In  a  1904  experiment  by  Stone,  a  continuous 
small  current  was  applied  in  soil-filled  greenhouse 
flats  by  connecting  one  electrode  to  an  elevated 
copper  brush,  the  other  to  the  ground.  He  reported 
28-39  percent  increase  in  the  yield  of  radishes  and 
lettuce  (70). 

Lemstrom's  account  (9)  of  his  findings  with 
garden  and  field  crops  indicate  approximately  45 
percent  increase  in  yields. 

In  1927,  Koernicke  (S)  published  results  of  his 
experiments  on  growing  beans  in  chambers  filled 
with  highly  ionized  air.  Treated  beans  transpired 
more  rapidly  and  had  a  larger  leaf  area. 

Several  investigators  have  studied  the  response 
of  plants  subjected  to  electric  current  flowing 


Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  11. 
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through  overhead  wire  networks,  highly  charged. 
Networks  were  supported  on  insulated  posts  so 
that  the  discharge  could  reach  the  plants  and  the 
earth  only  through  the  atmosphere.  In  some 
studies  the  responses  were  favorable;  in  others,  dif- 
ferences in  growth  and  yield  were  not  significant. 

Among  the  later  experiments  conducted  under 
carefully  controlled  conditions,  the  majority  of  the 
reports  sho^v  significant  yield  increases  (5) . 

These  \vorks  certainly  demonstrate  an  early  rec- 
ognition of  the  significance  of  the  effect  of  electric 
current  on  plant  life. 

One  of  the  more  recent  studies  was  reported  by 
Burr  of  Yale  University  School  of  Medicine  (2) . 
He  attempted  to  examine  the  impact  of  many  en- 
vironmental forces — both  local  and  universal — on 
the  continued  existence  of  a  single  living  form — a 
maple  tree.  He  recorded  the  impact  of  these  en- 
vironments by  using  electrometric  techniques  con- 
tinuously, day  and  night.  His  findings  showed  evi- 
dences of  some  electrical  correlate  of  the  diurnal 
rhythm  of  a  growing  tree.  There  was  no  significant 
relationship  between  meteorological  data  and  the 
electrical  changes.  His  data  showed,  ho\v'ever, 
evidence  of  the  existence  of  an  unexplainable  pe- 
riodicity. The  closest  phenomenon  associated  ^vith 
the  observed  electrical  functions  of  plants  was  the 
change  in  the  phases  of  the  moon.  A  few  well- 
authenticated  examples  of  correlation  bet\\-een  lunar 
activity  and  li\-ing  things  have  been  documented. 
Burr  pointed  out,  however,  that  both  lunar  cycles 
and  observed  periodicities  in  living  things  may  be 
the  consequence  of  some  still  more  fundamental 
cosmic  factor  acting  upon  both  responding  systems. 

Conclusions  by  Khvedelidze  (7)  follo^\ing  studies 
on  the  biological  potentials  of  plants  point  to  sig- 
nificant relationships  between  the  life  processes  of 
plants  and  of  the  occurring  potentials.  In  his  judg- 
ment, rhythmical  fluctuations  in  bioelectrical 
potential  did  indicate  both  biochemical  and  physio- 
logical processes  taking  place  in  the  vegetative 
tissues  and  may  have  great  importance  in  elec- 
trodiagnostics  and  dosimetn.-  of  stimulating  elec- 
trophysical  agents.  He  reported  an  increased 
electrical  activity  in  plants  during  springtime  when 
the  life  process  occurs  at  a  faster  rate.  Rhythmical 
fluctuations  in  electrical  activity  were  regular  and 
rather  characteristic.  A  rise  in  activity  in  ampli- 
tude and  frequency  was  observed  daily  from  about 
11  a.m.  to  1  p.m.  and  between  7  p.m.  and  1  a.m. 


Considerable  significance  may  be  attached  to  the 
observation  by  Dainty  {4)  and  Fensom  {6)  on  the 
influence  of  applied  electric  current  on  the  move- 
ment of  polar  compounds  such  as  growth  regulators. 

Another  paper  by  Burr  (5)  may  deepen  our  ap- 
preciation in  this  field.  "It  has  been  customary, 
in  the  past,  to  look  upon  all  electrical  manifesta- 
tions of  living  things  as  byproducts  or  consequences 
of  chemical  processes.  The  primacy  of  the  forces 
which  are  measured  by  electrical  devices  through- 
out the  material  universe  raises  the  possibility  that 
in  living  organism  these  same  forces  might  operate 
with  the  same  primacy.  From  this  standpoint,  then, 
living  beings,  like  inanimate  beings,  would  depend 
for  their  pattern  of  organization  upon  electrical 
forces.  If  ...  it  is  assumed  that  electrical  forces 
are  as  primacy  in  living  as  in  nonliving  things,  then 
it  must  follow  that  protoplasm,  the  physical  basis 
of  life,  must  exhibit  meaningful  electrical  manifes- 
tations. These  are  as  fundamental  as  those  other 
# 

properties  of  protoplasm,  descriptively  designated 
as  irritability  or  metabolism,  or  reproduction.-' 

Engineering  Applications 

'W"hAT  relation  does  all  this  have  to  agricultural 
engineering?  Mechanization  or  automation  is  at 
a  rather  high  level  in  many  fields  of  engineering. 
Not  so  in  agriculture.  Agriculture  is  in  or  is  ap- 
proaching a  new  industrialization,  a  revolution  when 
new  concepts  have  to  be  developed  to  meet  the  ever 
growing  demand  of  increased  production.  It  has 
to  be  understood,  hovvever,  that  agricultural  mech- 
anization is  more  than  building  tractors  and  plows, 
it  is  more  than  collecting  vegetables  and  fruits  in 
boxes,  and  it  is  more  than  just  applying  suction  to 
milk  a  cow.  The  complexity  of  the  problem  may 
be  well  appreciated  by  realizing  the  biological, 
physiological  and  physical  characteristics  of  the  ani- 
mals and  vegetation  we  are  working  vvith. 

The  key  to  many  of  the  problems  in  agricultural 
mechanization  is  the  control  over  the  growth  and 
development  of  the  plant.  But  the  structural  con- 
figuration and  mechanical  characteristics  of  the 
plants  have  to  be  compatible  with  the  machine. 

The  harvesting  of  fruits  from  perennial  plants, 
such  as  trees,  presents  another  problem.  Hand- 
picking  is  not  economical  :  mass  harvesting  vnthout 
selectivity  is  difficult  to  justify.  What  is  needed  is 
some  practical  means  to  regulate  growth,  to  pro- 
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gram  ripening  and  to  provide  controlled  selective 
separation.  Thus,  it  was  decided  to  study  the  ap- 
plication of  the  electro-osmotic  concept  to  citrus. 

The  principle  of  electro-osmosis  has  been  known 
and  used  by  engineers  in  soil  stabilization.  It  rep- 
resents an  electrochemical  process  induced  by  the 
applied  direct  current  potential  causing  the  move- 
ment of  ions,  and  therefore,  movement  of  liquids. 
If  a  potential  is  applied  across  a  saturated,  porous 
medium,  the  fluid  moves  through  the  pores  toward 
the  negative  terminal.  A  commonly  known  expres- 
sion for  the  induced  fluid  velocity  is  the  Helmholtz 
equation : 

Ve  =  Fluid  velocity 
E  =  Electrical  potential 

e= Dielectric  constant  of  the  liquid 
iu,  =  Fluid  viscosity 
L  =  Distance  between  electrodes 

$  =  Electrokinetic  potential 

Studies  With  Citrus 

We  have  exjjerimented  with  the  application  of 
external  electrical  potential  to  citrus  trees.  The 
growth-stimulating  effect  of  the  d.c.  potential  was 
demonstrated  on  two  young  citrus  trees.  Acceler- 
ated growth  was  observed  on  branches  which  were 
subjected  to  58  volts  d.c.  with  about  1.6  milliamperes 
for  28  days.  Moreover,  the  leaf  density  of  this 
branch  was  greater.  Some  abnormality  in  the  shape 
of  the  leaf  was  observed.  The  electrified  branch 
dropped  nearly  all  of  the  ripe  fruits  but  kept  the 
green  ones.    It  should  not  be  assumed,  however, 
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that  the  loosening  of  fruits  by  electrical  means  is 
solved.  The  complexity  of  the  changes  due  to  the 
applied  potential  makes  it  very  difficult  to  draw  any 
conclusions.  Long  years  of  cooperative  work 
among  engineers,  physiologists,  biologists,  and  other 
disciplines  will  be  necessary  to  find  the  answers. 
Electrolytic  decomposition  of  the  liquids  and  elec- 
trodes, polarization  of  the  electrodes,  and  the  varia- 
tion in  acidity — these  are  just  a  few  of  the  many 
factors  that  must  be  considered. 

In  another  experiment,  a  normal  branch  of  a 
citrus  tree  was  cut  to  a  1-foot  length  and,  before  it 
could  dry,  was  placed  between  two  electrodes  sur- 
rounded by  saturated  sponges.  The  electrode  at 
the  lower  end  of  the  branch  was  positive;  the 
saturating  liquid  was  distilled  water  colored  with 
a  neutral  dye.  The  upper  electrode  was  negative 
and  was  saturated  with  pure  distilled  water.  Satu- 
rated sponges  attached  to  the  electrodes  provided 
the  continuity  of  the  branch ;  when  no  external  elec- 
tric power  was  connected  to  them,  chemical  poten- 
tial was  nil  or  negligible.  The  test  was  made  with 
12  branches  of  the  same  tree,  the  only  major  variable 
being  the  diameter  of  the  branches.  Six  of  the  12 
units  were  powered  by  half-wave  rectified  60-cycle 
live  current  (58  volt  d.c.  average)  while  the  other 
6  were  not  connected  to  receive  power.  After  18 
hours  of  continuous  testing,  the  specimens  were  re- 
moved and  the  translocation  or  displacement  of  the 
dyed  liquid  was  measured.  For  those  branches 
without  power,  the  maximum  displacement  was  less 
than  one-fourth  inch.  Branches  under  power 
clearly  showed  not  only  total  displacement,  but  also 
the  channels  of  the  flow.  This  test  may  suggest  the 
possibility  of  applying  current  to  maintain,  acceler- 
ate, or  decelerate  the  flow  of  liquids  in  living  trees. 

To  know  more  about  the  |X)ssible  application  of 
this  concept  to  citrus  trees,  we  have  to  study  the 
natural  electrical  potential  of  the  trees  and  also  the 
current  flow  pattern.  We  have  to  know  whether  a 
continuous  or  periodic  application  will  cause  the 
stimulating  efTect  we  desire.  Data  collected  so  far 
indicate  a  rhythm  in  the  natural  potential,  which 
reflects  a  change  in  the  magnitude  of  the  potential 
and  a  periodic  reversal  of  the  polarity  of  the  tree. 
Potential  variation  was  observed  daily  and  for 
longer  intervals. 

We  have  experimented  to  find  the  practical  pos- 
sibility of  applying  a  constant  electric  current  to 
hasten  differentiation  in  the  plant.   When  the  natu- 
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ral  electropolarity  of  the  plant  was  preserved,  the 
process  of  regeneration  became  considerably 
accelerated,  and  then  markedly  inhibited,  following 
the  application  of  a  potential  of  the  opposite  sign. 

To  study  the  effect  of  the  disturbance  of  the 
natural  electrical  potential  on  the  trees,  one  full- 
grown  orange  tree  was  short-circuited.  The  upper 
branches  and  the  root  system  were  connected  with 
insulated  wires,  continuously  discharging  the  poten- 
tial. The  measured  resistance  of  the  tree  between 
the  roots  and  the  upper  branches  was  about  300K 
ohms.  It  is  therefore  valid  to  assume  that  the  cur- 
rent flow  will  take  place  through  the  good  wire  con- 
ductor, rather  than  through  the  high  resistance 
branches.  But  bypassing  the  normal  conductive 
elements  may  affect  the  normal  life  of  the  tree.  If 
natural  electrical  potential  and  flow  of  electrons  are 
important  elements  of  physiology,  short  circuiting 
of  trees  may  be  one  way  of  proving  it. 

Future  Applications 

It  IS  not  my  assignment  to  make  predictions  for 
future  developments,  but  I  am  inclined  to  believe  in 
the  coming  of  an  era  when  electrical  stimulation 
of  living  systems  may  replace  much  of  the  chemical 
treatments.  If  the  useful  consequences  of  chemical 
processes  in  plants  can  be  characterized  by  electrical 
manifestations,  efforts  should  be  made  to  examine 
the  reversibility  of  these  phenomena  and  introduce 


electrical  impulses  as  physical  means  to  obtain  the 
same  consequences.  Unknown  health  hazards  due 
to  the  extensive  use  of  chemicals  may  be  reduced 
by  this  method. 

As  a  consequence  of  the  electro-osmotic  process, 
accurately  controlled  water  management  may  be 
assumed  in  the  root  zone  of  plants — providing  a 
means  of  regulating  the  liquid  and  water  soluble 
compound  intake  of  the  trees  or  plants.  Applied 
electric  current — by  upsetting  the  natural  rhythm 
of  protoplasmic  streaming  in  plants — affects  the 
movement  of  polar  compounds  such  as  growth  regu- 
lators and  a  consequent  deleterious  effect  on  the 
growth  of  plants,  thus  offering  a  physical  means  for 
weed  control.  The  same  concept  may  be  expanded 
to  an  application  in  frost  protection  by  extending 
the  dormant  cycle  of  trees  until  the  frost  danger  is 
over  and  then  inducing  an  accelerated  growth. 

To  close  this  discussion,  it  may  be  proper  to  quote 
a  few  profound  thoughts  of  E.  J.  Tangerman  {11)  : 

"The  engineer  must,  in  his  way,  work  constantly 
with  the  stuff  that  dreams  are  made  of  and  must 
make  those  dreams  into  realities.  Once  .  .  .  Archi- 
medes talked  of  a  fulcrum  and  a  place  to  stand,  so 
he  could  move  the  earth ;  in  his  way,  he  moved  it — 
a  little.  .  .  .  Other  men  since  then — engineers  and 
others — have  had  dreams  just  as  big  and  have  had  to 
content  themselves  with  similar  'little'  advance." 

May  this  discussion  serve  as  an  invitation  to  a 
dialogue  between  the  involved  disciplines  to  move 
the  earth — "a  little." 
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DECIDING  THE  QUANTITY  AND  DIRECTION 
OF  SCIENTIFIC  RESEARCH 

C.  F.  CARTER 


WE  have  been  told  very  often  that  the  greatest 
resource  of  a  country  is  its  people.  But  what 
is  the  quality  of  people  which  makes  them  valuable 
as  a  natural  resource?  Occasionally  in  advanced 
nations,  and  frequently  in  the  less  advanced,  human 
beings  are  still  wanted  as  a  mobile  source  of  physical 
work.  But  the  tasks  for  which  manual  labor  is 
economical  have  contracted  for  many  years  and  are 
still  contracting.  The  importance  of  human  beings 
as  a  natural  resource  rests  increasingly  on  skill,  in- 
tellectual power,  and  creative  talent. 

A  concentration  of  intellectual  power  and  creative 
talent  on  a  particular  area  of  scientific  research  and 
development  can  often  achieve  remarkable  results. 
The  handful  of  cases  which  we  now  call  a  smallpox 
"epidemic"  is  a  reminder  of  success  in  eradicating 
killing  diseases.  The  electricity  which  heats  my 
house  may  come  in  part  from  a  nuclear  power  sta- 
tion.   The  weeds  in  my  garden  and  in  the  farmer's 


This  article  was  adapted  by  the  author  from  the  Finlay  Lecture,  Uni- 
versity College,  Dublin,  1962,  expressly  for  the  readers  of  Review. 


field  are  (some  of  them)  eradicated  by  selective 
weedkillers  unthought  of  20  years  ago.  The  aero- 
plane is  both  powered  and  guided  on  its  course  by 
products  of  a  new  technology.  With  such  examples 
all  around  us,  it  is  tempting  to  think  that  the  mate- 
rial problems  of  the  country  can  be  solved  if  only  the 
resources  of  science  are  brought  to  bear  at  the  right 
points. 

But  when  one  tries  to  translate  this  general  belief 
in  the  virtues  of  science  into  a  program  which  says 
how  much  scientific  effort,  and  at  what  points,  and 
how  organized  and  financed,  the  matter  is  less  clear. 
The  area  of  human  knowledge  is  constantly  expand- 
ing; therefore  its  circumference  is  becoming  longer 
and  is  divided  into  more  segments  of  specialization. 
Even  the  largest  and  wealthiest  countries  cannot 
find  enough  talent  to  work  in  all  those  segments  at 
the  same  time.  A  very  small  country  (say,  An- 
dorra) may  not  be  able  to  do  significant  work  in  any 
one  of  them.  A  small  country  must  inevitably  make 
a  choice  of  a  few  points  at  which  to  work,  and  ne- 
glect all  the  rest.    How  is  this  choice  to  be  made? 
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Transmission  of  Science 

But  (you  will  say)  what  is  all  this  talk  about 
countries?  Is  not  science  the  great  uniter  of  na- 
tions, the  builder  of  an  international  fellowship  of 
like-minded  people  to  whom  distinctions  of  nation, 
race  and  religion  are  of  no  account?  Surely  what 
matters  is  the  world  effort,  and  a  country  can  ex- 
pect to  partake  freely  of  the  benefits  of  discovery 
anywhere  in  the  world,  even  if  she  contributes  little 
herself?  Many  of  the  implications  of  these  ques- 
tions are  valid,  but  they  represent  an  over-simplified 
idea  of  science.  A  distinction  must  first  be  made 
between  the  transmission  of  pure  and  of  applied 
science.  Pure  or  basic  scientific  discoveries  are 
transmitted  with  only  moderate  efficiency  and 
mainly  between  specialists  in  the  same  sector  of 
scientific  effort.  The  efficiency  of  transmission  is 
reduced  by  the  barrier  of  differing  language,  but 
also  (and  increasingly)  because  the  sheer  mass  of 
scientific  publication  has  become  so  great  that  it 
has  become  difficult,  even  with  good  abstracting 
services,  to  sort  out  what  is  relevant.  The  flow  is 
mainly  from  specialist  to  fellow  speciaHst;  the 
amount  of  transmission  across  the  boundaries  of  the 
segments  of  specialization  is  much  smaller,  and 
transmission  to  nonscientists  is  very  imperfect  and 
much  delayed. 

Discoveries  in  applied  science  and  technology 
relevant  to  industry  are  transmitted  quite  readily 
between  a  firm  and  its  overseas  subsidiaries,  and  be- 
tween a  firm  and  overseas  firms  with  which  it  has 
agreements  for  the  exchange  of  knowledge.  Other- 
wise the  flow  is  on  occasion  impeded,  not  only  by 
the  obstacles  mentioned  in  the  last  paragraph,  but 
also  by  commercial  secrecy.  For  some  purposes, 
the  international  flow  of  applied  knowledge  runs 
more  freely  than  that  within  national  boundaries. 
It  is  often  found,  however,  that  discoveries  in  ap- 
plied science  cannot  be  taken  directly  from  one 
environment  to  another:  they  must  be  adapted  or 
further  developed  to  be  of  use.  Thus,  every  agri- 
cultural country  has  ^vork  to  do  to  find  the  varieties 
of  crops  and  the  breeds  of  animals  best  suited  to  its 
particular  combination  of  climate,  soils,  and  produc- 
tion and  market  conditions. 

Many  discoveries  of  applied  science  have  to  go 
through  a  long  expensive  process  of  development 
before  the  work  of  the  laboratory  can  have  com- 
mercial application,  and  some  part  of  this  process 
may  need  to  be  repeated  at  each  point  of  applica- 


tion. At  the  very  least,  it  is  likely  that  if  a  business 
buys  fully  developed  the  machines  of  a  new  process, 
or  the  method  of  making  a  new  product,  it  will  find 
it  necessary  also  to  hire  technologists  capable  of  un- 
derstanding and  adapting  the  development,  and 
capable  of  putting  things  right  when  they  go  wrong. 

Receiving  Stations 

It  thus  follows  that  a  country  cannot  do  without 
scientists  and  technologists,  for  they  are  the  essen- 
tial receiving  stations  of  the  world's  transmissions 
of  knowledge,  and  are  essential  also  to  adapt  and 
interpret  the  knowledge  which  flows  in.  They  will 
mainly  be  found  in  five  kinds  of  places :  Universities 
and  other  teaching  institutions;  public  research  in- 
stitutes or  government  research  stations;  individual 
enterprises;  research  stations  jointly  financed  by  a 
group  of  enterprises;  and  privately  established 
sponsored  research  institutes.  The  distribution  be- 
tween these  types  of  employers  depends  on  the  in- 
dustrial structure  of  a  country  and  on  its  past  history 
of  private  and  public  initiative,  but  there  are  certain 
facts  which  limit  the  choice.  A  small  enterprise 
cannot  usually  afford  the  cost  of  even  the  most  ele- 
mentary independent  research  unit.  A  small 
country  will  have  few  or  no  large  enterprises.  It 
has  little  chance  of  setting  up  its  scientific  receiving 
stations  in  individual  enterprises  and  must  make 
other  arrangements.  Agriculture  and  building  in 
particular  must  rely  on  some  other  form  of  scientific 
effort;  the  individual  farmer  and  builder  \vdll  sel- 
dom be  able  to  afford  any  research  of  their  own. 

The  nearest  alternative  choice  is  to  set  up  re- 
search stations  jointly  financed  by  a  group  of  firms; 
this  development  has  in  some  countries  been  en- 
couraged by  a  government  subsidy.  But,  though 
joint  research  stations  have  considerable  achieve- 
ments to  their  credit,  their  further  development  is 
impeded  by  two  main  obstacles. 

The  first  obstacle  is  the  absence  of  the  will  to  co- 
operate: the  proportion  of  turnover  which  enter- 
prises are  willing  to  devote  to  cooperative  research 
is  often  tiny  (less  than  a  20th  of  1  percent),  even 
where  they  have  no  access  to  other  research  facili- 
ties. It  appears  that  private  owners  accept  the 
value  of  science  mainly  in  the  hope  of  getting  a  lead 
over  their  immediate  competitors,  and  are  not 
greatly  interested  in  discoveries  which  will  be  com- 
municated simultaneously  to  their  fellow  members. 
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Scientific  Communication 

The  second  difficulty  is  tfie  problem  of  scientific 
communication  in  another  form.  It  may  be  found 
that  the  enterprises  which  make  effective  use  of  the 
services  of  a  cooperative  research  association  are 
those  which  also  have  their  own  research  depart- 
ments, because  ideas  then  flow  quickly  between 
scientists  of  similar  interests.  In  order  to  convey 
the  benefits  of  cooperative  research  to  the  small 
enterprises  which  really  need  them,  a  research  asso- 
ciation may  need  to  spend  heavily  on  promotional 
or  educational  activities — and  it  is  hard  to  persuade 
people  to  contribute  to  the  cost  of  an  education 
whose  value  they  will  not  appreciate  until  the  edu- 
cation is  complete. 

The  next  possibility  is  to  fill  in  the  gaps  of  research 
by  setting  up  government  research  stations.  The 
example  of  my  own  country,  Britain,  in  this  is  not 
very  helpful  as  a  guide  to  others.  There  are  many 
government  research  stations,  covering  subjects 
such  as  agricultural  research,  food  processing,  atomic 
energy  research,  building,  roads,  water  pollution. 


But  there  is  no  conscious  effort  to  fill  in,  by  the 
development  of  new  government  research  stations, 
the  gaps  in  the  research  effort  of  industry.  The 
official  attitude  has  been,  I  think,  that  if  private 
enterprise  fails  to  provide  for  its  own  scientific 
development  it  must  take  the  consequences.  Agri- 
culture, however,  is  treated  as  a  special  case;  an 
elaborate  and  expensive  system  of  research  stations 
is  provided  by  government  as  a  free  service  to  the 
industry. 

In  most  countries,  an  important  section  of  re- 
search-— mostly  pure  but  including  some  important 
"applied"  activities — is  in  the  hands  of  the  univer- 
sities and  other  institutions  of  higher  education. 
The  size  of  university  staffs  and  the  basic  grants 
available  for  university  running  expenses  are  often 
related  almost  entirely  to  the  university's  teaching 
function.  The  income,  therefore,  provides  an 
amount  for  research  which  is  illogicaliy  related  to 
the  number  of  students;  though,  because  of  the  in- 
creasing cost  of  research  relative  to  teaching,  a  50- 
percent  increase  in  undergraduate  numbers  does 
not  produce  a  50-percent  increase  in  real  research 
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output.  In  Britain,  the  Government,  through  re- 
search councils,  supplements  university  effort  by 
grants  to  universities  to  support  particular  projects. 
It  increasingly  tends  to  provide  very  expensive 
pieces  of  equipment  as  a  joint  service  to  several 
universities.  The  situation  is  confused,  however, 
and  Britain,  though  she  has  a  Council  on  Scientific 
Policy,  has  not  got  a  clear  scientific  policy.  Let  us 
consider  what  the  elements  of  such  a  policy,  in  a 
country  of  moderate  or  small  size,  should  be. 

Policy -Creating  Body 

E  first  thing  is  to  have  a  policy-creating  body, 
well  informed  on  scientific  matters  and  covering  as 
wide  a  field  of  scientific  effort  as  possible.  It 
should  not,  however,  be  a  committee  of  scientists 
alone.  The  problems  of  scientific  policy  relate  to 
the  best  use  of  scarce  resources;  they  are  inevitably 
economic  problems,  and  in  my  experience  natural 
scientists  do  not  take  kindly  to  the  hardheaded 
weighing  up  of  costs  and  rewards  involved  in  an 
economic  assessment.  They  accept  a  dispropor- 
tionately great  expenditure  on  some  new,  exciting 
and  costly  line  of  inquiry,  without  asking  whether 
the  same  money  would  not  buy  much  greater  re- 
sults somewhere  else. 

I  therefore  suggest  that  a  Council  on  Scientific 
Policy  should  contain  (say)  eight  natural  scientists, 
an  economist,  a  statistician,  a  sociologist,  a  philoso- 
pher, and  two  businessmen.  Its  first  duty  should 
be  to  make  an  inventory  of  the  country's  scientific 
resources,  including  estimates  of  (a)  where  scien- 
tists and  technologists  of  various  kinds  are  at  present 
employed  within  the  state,  (b)  how  many  scien- 
tists and  technologists  are  working  abroad,  (c)  the 
scale  and  distribution  of  the  effort  in  pure  scien- 
tific research,  and  (d)  the  relation  of  the  quantity 
of  applied  research  and  development  to  the  net 
output  of  the  industries  or  services  to  which  it  is 
particularly  related. 

Such  an  inventory  would,  of  course,  reveal  serious 
gaps,  even  in  relation  to  a  country's  present  econ- 
omy. But  it  would  be  important  not  to  allow  policy 
to  be  related  only  to  the  improvement  of  existing 
industries.  It  would  be  a  poor,  thin  view  of  re- 
search which  judged  it  only  by  immediate  profit. 
Even  in  the  applied  field,  it  is  necessary  to  have 
points  of  contact  with  new  developments  of  tech- 


nology which  may  yield  new  industries.  This  raises 
a  difficult  problem  of  selection,  since  it  is  impossible 
to  cover  more  than  a  small  proportion  of  the 
numerous  possibilities.  In  pure  research,  the  prob- 
lem of  selection  also  exists,  and  is  commonly  made 
almost  in  a  random  manner  in  the  process  of  insur- 
ing a  diverse  and  vigorous  life  in  the  universities. 
But  there  are  some  forms  of  applied  research — for 
example  food  processing — which  prima  facie  axe 
fairly  likely  to  be  of  importance  to  a  country's  econ- 
omy. And  there  are  some  forms  of  pure  research 
whose  growth  elsewhere  will  suggest  the  rightness 
of  their  inclusion  in  the  programs  of  the  universities 
and  research  institutes. 

Filling  the  Gaps 

Let  me,  therefore,  suppose  that  a  Council  on 
Scientific  Policy  could  reach  a  judgment  about  the 
gaps  in  the  country's  research  and  development 
effort,  in  relation  to  the  wider  needs  suggested  in  the 
last  paragraph.  I  suggest  that  its  proposals  for  fill- 
ing these  gaps  should  be  based  on  its  answers  to  three 
questions : 

1.  The  communications  question:  What  is  the 
most  effective  way  of  making  sure  that  the  world's 
discoveries  in  science  and  technology  are  quickly 
applied  in  the  relevant  places?  (The  relative  im- 
portance of  the  problem  of  the  communication  of 
ideas  is  the  greater,  the  smaller  the  area  which  we 
consider. ) 

2.  The  adaptation  question:  What  effort  is  re- 
quired to  adapt  to  local  circumstances  discoveries 
made  elsewhere? 

3.  The  education  question:  What  basis  of  re- 
search is  necessary  to  effective  teaching  of  science 
and  technology  within  the  country? 

In  conformity  with  what  I  have  said  earlier,  the 
answer  to  the  communications  question  will  often 
be  that  it  is  necessary  to  undertake  research  within  a 
country  in  order  to  have  a  receiving  station  for  a 
flow  of  ideas  from  abroad.  Occasionally  it  may  be 
possible  to  join  in  international  research  programs 
and  these  indeed  are  of  growing  importance  in  the 
very  expensive  fields  of  nuclear,  space  and  aero- 
nautical research.  But  there  will  seldom  be  any 
satisfactory  alternative  to  having  a  receiving  station 
within  the  country,  in  close  contact  with  the  final 
user. 
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In  a  small  country  with  a  high  proportion  of  agri- 
culture, the  most  frequent  form  of  organization  for 
applied  research  must  be  the  state-financed  research 
institute,  since  the  base  for  a  cooperative  research 
association  will  usually  be  inadequate.  The  mini- 
mum research  activities  of  such  institutes  must  be 
such  as  will  attract  to  their  service  scientists  of  suffi- 
cient standing.  But  their  task  must  include  not 
merely  the  communication  of  their  own  research, 
but  also  the  communication  of  a  flow  of  ideas  from 
the  rest  of  the  world — and  not  merely  the  giving  of 
advice  on  request,  but  also  the  active  encourage- 
ment of  a  new  attitude  toward  science  in  people 
who  have  not  yet  realized  what  it  can  do  for  them. 
This  implies  a  much  larger  and  more  active  infor- 
mation and  propaganda  function  than  is  usually 
found  in  research  organizations. 

The  answer  to  the  adaptation  question  is  most 
obviously  seen  in  agriculture;  substantial  effort  is 
needed  to  find  out  what  is  best  done  in  each  of  the 
varied  climate  regions  and  soil-type  areas  of  a 
country.  Elsewhere  adaptation  appears  as  a  devel- 
opment problem  in  adapting  a  piece  of  agricultural 
machinery  to  local  needs,  or  in  using  on  a  small 
scale  a  process  which  elsewhere  has  always  been 
used  on  a  large  scale.  The  trouble  about  develop- 
ment is  its  expense.  Properly  undertaken,  it  may 
involve  a  heavy  burden  for  a  short  time,  and  the 
hiring  of  the  services  of  foreign  enterprises  and 
experts.  This  is  where  state  financial  assistance 
may  be  needed. 

The  answer  to  the  education  question  will  vary 
from  country  to  country\  But  in  many  places  there 
is  a  danger  that,  in  the  effort  to  provide  a  modem 
scientific  and  technological  education  in  the  univer- 
sities and  colleges,  the  available  resources  will  be 
spread  too  thinly,  so  that  viable  centers  of  research 
fail  to  appear  and  teaching  becomes  in  consequence 
out-of-date  and  pedestrian. 

Scale  of  Expenditure 

Finally,  if  a  Council  on  Scientific  Policy  had 
made  its  assessment  and  had  given  its  proposals  to 
the  government,  what  scale  of  expenditure  would 
these  be  likely  to  involve,  both  from  government  and 


from  private  sources?  In  Britain  total  research  and 
development  expenditure  is  about  2.2  percent  of 
national  product  and  in  the  United  States  about  3.1 
percent.  These  figures  are  considerably  inflated  by 
the  very  great  expense  of  defense  research.  The 
absolute  level  of  research  and  development  expendi- 
tures is,  of  course,  very  much  higher  in  the  United 
States  (by  a  factor  of  about  10),  and  (since  Ameri- 
cans do  not  consume  10  times  as  many  kinds  of 
things)  this  would  seem  to  give  the  large  country  a 
considerable  advantage  in  being  able  to  concentrate 
large  resources  on  each  frontier  area  of  research. 
There  is  no  doubt  that  this  advantage  exists,  but  it 
is  lessened  by  the  diseconomies  of  scale.  In  a  big 
country,  overlapping  between  research  organiza- 
tions is  difficult  to  avoid;  its  existence  has  been 
noted  in  Russia.  It  is  also  probable  that  in  the 
United  States  more  of  what  passes  as  "develop- 
ment" is  work  associated  with  technically  unneces- 
sary model  changes. 

But  even  if  we  halve  the  U.S.  expenditure  to  al- 
low for  these  factors,  Britain  would  need  to  spend 
over  £3,000  mn.  a  year  to  equal  the  U.S.  absolute 
effort.  She  can  avoid  this  burden  only  by  limiting 
the  range  of  her  effort;  and  the  same  is  of  course 
true  of  smaller  countries.  If  population  is  divided 
by  10,  is  the  area  over  which  research  expenditure 
is  necessary  divided  by  10?  It  hardly  seems  likely. 
A  smaller  population  will  still  have  a  considerable 
range  of  consumption,  and  even  the  range  of  types 
of  exports  (embodying  scientific  effort  which  is 
directly  in  competition  with  the  scientific  effort  of 
other  countries)  does  not  necessarily  contract  pro- 
portionately as  we  move  to  a  country  of  lower 
population. 

I  would  conclude,  therefore,  that  civilian  research 
expenditure  in  a  small  country  ought  to  be  a  larger 
percentage  of  national  product  than  in  a  large  coun- 
try. But  there  are  possibilities  of  saving  on  this 
figure;  a  small  country  can,  by  the  exercise  of  in- 
genuity, meet  its  main  needs  for  the  communication 
of  scientific  knowledge  with  a  low  research  effort, 
provided  it  gives  its  main  attention  to  communica- 
tion rather  than  independent  discovery.  It  may 
thus  hope  to  be  parasitic  on  the  large  nations,  suck- 
ing nourishment  from  their  bloodstream. 
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WATER  ACTIVITY 
IN  RELATION 
TO  FOODS 

R.  G.  GARNER 

SINCE  water  comprises  from  60  to  95  percent  of 
the  total  weight  of  foods  and  is  by  far  the 
dominant  constituent  of  foods,  the  state  of  water 
and  its  distribution  in  foods  is  of  prime  importance. 
Changes  in  water  content  or  water  distribution  lead 
to  significant  changes  in  food  products. 

Water  is  so  commonplace  that  it  may  not  seem 
worthy  of  attention  and,  at  first  glance,  may  appear 
to  be  an  uninteresting,  simple  and  inert  constituent 
of  foods.  The  situation  is  quite  the  contrary.  Most 
foods  are  characterized  by  great  complexity  and 
heterogeneity  of  constituents.  Water  becomes  an 
ubiquitous  and  fundamental  part  of  the  complex 
structure  of  foodstuffs.  Thus  the  behavior  of  water 
in  a  food  is  intimately  related  to  the  ultimate  quality 
of  the  food,  and  moisture  loss  or  gain  during  proc- 
essing or  storage  often  accounts  for  major  changes 
in  the  characteristics  of  foods. 

Properties  and  Measurements 

According  to  Ward  (28),^  the  structure  of 
the  water  molecule  enables  it  to  form  weak  but 
directed  bonds  with  other  water  molecules  and  with 
certain  groupings  on  the  major  macromolecules 
present  in  foodstuffs.  In  most  foodstuffs  hydrogen 
bonding  exists  between  water  molecules,  between 

^  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  22. 
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water  and  small  and  large  molecules  and  ions^  and 
as  the  direct  link  between  these  later  macromole- 
cules.  He  points  out  that  there  is  competition  be- 
tween the  components  for  the  available  hydrogen 
bonding  sites  and  states  that  the  rate  at  which  water 
may  break  particular  intermolecular  hydrogen 
bonds,  and  the  extent  to  which  these  bonds  are 
broken,  together  with  the  converse  process  of  dis- 
placement of  water  from  bonding  sites,  affects  all 
practical  dehydration  and  rehydration  processes. 

Fennema  and  Powrie  (6)  have  indicated  that 
change  of  state,  such  as  freezing,  will  also  modify  the 
normal  relationships  between  water  and  other  food 
constituents  and  will  likely  alter  the  typical  charac- 
ter of  the  food.  Kuprianoff  (12)  has  discussed  the 
role  of  water  in  foods  and  the  forms  in  which  it  may 
be  "bound".  Methods  for  determination  of  mois- 
ture equilibrium  and  of  the  water  content  of  dehy- 
drated and  other  foods  have  been  reviewed  exten- 
sively by  Stitt  (23)  and  others  {16,  25) .  Detailed 
discussions  of  the  water  molecule,  interactions  be- 
tween water  molecules,  the  structure  of  water  and 
ice,  and  methodology  for  moisture  determination 
are  outside  the  scope  of  this  review. 

Van  Arsdel  and  Copley  (27)  have  pointed  out 
that  the  changes  in  foods  as  affected  by  moisture 
content  and  temperature  are  related  to  changes  in 
the  water  vapor  pressure  of  the  substance.  In  gen- 
eral, a  moist  food  held  at  constant  temperature  dis- 
plays a  vapor  pressure  which  approaches  a  steady 
equilibrium  value  reflecting  the  composition  of  the 
material,  its  moisture  content,  and  the  temperature. 
The  experimentally  determined  relation  between 
water  vapor  pressure  in  the  atmosphere  surrounding 
the  food  and  the  moisture  content  at  equilibrium  is 
sometimes  expressed  as  equilibrium  vapor  pressure, 
or  equilibrium  relative  humidity,  or  equilibrium 
moisture  content.  A  vapor  pressure  isotherm 
shows  the  quantitative  relationship  between  vapor 
pressure  and  moisture  content  at  constant  tempera- 
ture. 

The  equilibrium  moisture  content  is  the  moisture 
the  food  material  retains  when  it  is  in  equilibrium 
wth  its  surroundings.  For  example.  Charm  (4)  has 
stated  that  the  final  moisture  content  a  food  mate- 
rial reaches  on  drying  is  usually  not  less  than  the 
equilibrium  moisture  of  the  dried  material  when  it 
is  in  equilibrium  with  drying  air  conditions  at  the 
end  of  the  drying  operation.  Vapor  pressure 
isotherms  enable  one  to  predict  whether  the  material 


could  be  dried  successfully  under  the  conditions 
chosen.  Isotherms,  which  show  the  relationship 
between  moisture  content  and  percentage  relative 
humidity  for  a  series  of  temperatures,  are  much 
more  informative  than  moisture  content  alone. 

The  ratio,  p/ po,  where  p  is  the  vapor  pressure  of 
water  in  equilibrium  with  the  material  and  po  is  the 
vapor  pressure  of  pure  water  at  the  same  tempera- 
ture, gives  us  the  water  activity,  a^,  or  the  relative 
humidity,  RH,  when  expressed  as  a  percentage. 
By  definition,  the  water  activity,  aw,  of  a  solution  is 
the  ratio  of  the  vapor  pressure  of  the  solution,  p, 
and  the  vapor  pressure  of  water,  po,  at  the  same 
temperature.  It  is  expressed  as  aw  =  p/po  or  a.^  == 
RH/100.  The  relative  humidity  is  defined  as  the 
ratio  of  the  partial  pressure  of  water  vapor  in  the 
air  to  the  vapor  pressure  of  water  at  the  same  tem- 
perature and  is  expressed  as  RH=p/poxlOO.  Un- 
der equilibrium  conditions  RH=awxlOO.  Water 
activity  (a^)  is  a  fundamental  property  of  aqueous 
solutions  while  the  term  relative  humidity  refers 
strictly  to  the  atmosphere  surrounding  the  material. 
At  times  this  distinction  has  been  overlooked,  but 
it  is  well  to  keep  it  in  mind. 

Food  Constituents 

WaTER-HOLDING  capacity  is  closely  related  to 
taste,  tenderness,  color  and  other  features  of  meat 
quality.  It  is  influenced  by  conditions  which  pre- 
vail during  almost  all  operations  after  slaughter — 
transport,  storage,  aging,  grinding,  salting,  curing, 
heating,  freezing,  thawing,  drying  and  freeze-dehy- 
dration.  Conversely,  almost  all  treatments  affect 
the  interaction  between  muscle  solids  and  water  {9) . 
The  toughness  \vhich  sometimes  develops  during 
freeze-drying  meat  always  appears  to  be  associated 
\vith  a  loss  of  the  true  water-holding  capacity  of  the 
muscle. 

Hamm  (10)  has  supplemented  his  earlier  review 
on  the  effects  on  water  binding  capacity  of  inter- 
molecular reactions  between  meat  proteins,  electro- 
static forces  and  cross-linking  by  divalent  metal 
ions,  and  pH  and  salt  concentration  with  a  useful 
further  review  of  the  water-holding  and  imbibing 
properties  of  a  range  of  foods,  including  meat.  He 
states  that  the  water  is  immobilized  within  the 
meshes  of  the  protein  network.  Secondary  va- 
lences, namely  hydrogen  bonds  between  the  peptide 
groups,  also  play  a  part.    With  large  macromole- 
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culeSj  water  adsorption  occurs  as  a  result  of  the 
interaction  between  the  field  of  force  at  the  surface 
of  solids  and  that  emanating  from  the  molecule  of 
\'apor.  The  amount  adsorbed  at  a  given  pressure 
is,  at  the  low  pressure  end  of  the  isotherm,  propor- 
tional to  the  extent  of  the  solid  surface  exposed  to 
the  vapor,  and  therefore  to  the  specific  surface  area. 
Rhodin  {15)  found  that  in  general  at  a^-  values 
below  0.25  the  adsorbed  layer  is  only  a  single  mole- 
cule in  thickness,  and  it  forms  a  multilayer  as  the 
saturated  vapor  is  approached. 

Starch  is  a  carbohydrate  system  ^vhich  is  able  to 
imbibe  a  great  amount  of  water.  According  to 
Geddes  and  Bice  (8).  \vater  associated  with  starch 
is  believed  to  exist  as  bound  and  free  moisture,  the 
bound  being  held  mainly  by  hydrogen  bonding  to 
the  hydroxyl  groups  of  the  carbohydrate  molecule. 
That  moisture  is  present  in  two  states  is  indicated 
by  the  wide  reversible  variations  in  starch  gelatiniza- 
tion  temperature  inducible  by  diying  or  soaking. 
\Vhile  simple  drying  out  has  been  ruled  out  as  the 
cause  of  bread  staling,  loss  of  moisture  as  such  from 
the  bread  loaf,  may,  however,  accelerate  reactions 
leading  to  bread  staling  and  thus  moisture  relation- 
ships within  the  crumb  may  well  be  important  {13) . 

Food  Processing 

Dehydrated  foods  exhibit  S-shaped  moisture 
sorption  isothemis.  The  slopes  and  points  of  in- 
flection are  indicative  of  the  water-binding  capacity 
or  of  the  relative  amounts  of  free  and  bound  ^\•ater. 
The  isotherms  sho^v  hysteresis  efTects  which  are  most 
pronounced  above  the  point  ^\•hich  represents  com- 
pletion of  a  monomolecular  layer  of  ^vater  mole- 
cules. The  isotherms  below  that  point  represent  a 
region  of  tightly  bound  ^\■ater  ha\ing  a  high  heat  of 
ad  solution. 

Most  freeze-dried  products  are,  after  reconstitu- 
tion  and  cooking,  distinctly  tougher  and  less  juicy 
than  untreated  cooked  controls.  One  real  virtue 
of  dn,-ing  from  the  frozen  state  lies  in  the  increased 
solubility  that  results.  This  is  believed  to  be  due 
to  removal  of  many  scattered  ice  cn'stals  \\-hich  re- 
sults in  a  porous  structure  with  large  surface  area 
and  good  solubilit}-. 

In  addition  to  sometimes  being  tough  upon  cook- 
ing, many  reconstituted  dehydrated  food  tissues  are 
incompletely  rehydrated.  The  mechanisms  involved 
in  these  phenomena  are  not  as  yet  fully  understood. 


Sterling  and  Shimazu  (22)  have  reported  a  con- 
tinual increase  in  crystallinity  in  all  samples  of 
dehydrated  carrots  as  storage  time  increased,  and 
no  notable  differences  in  cr\-stallinity  as  a  result  of 
different  dehydration  rates.  They  suggest  that  the 
ciystallization  in  cellulose  may  occur  as  an  increase 
in  polysaccharide-polysaccharide  bonding  at  the  ex- 
pense of  polysaccharide  water  bonding.  They  fur- 
ther state  that,  possibly,  crystallization  can  also 
explain  toughness  of  dehydrated  fish  in  storage  and 
the  poor  reconstitution  of  dehydrated  meat. 

Food  Deterioration 

NOXENZYMATIC  bro\s-ning  reactions  often 
limit  the  storage  life  of  dried  foods.  These  reac- 
tions result  in  deterioration  of  color  and  appear- 
ance, darkening  and  development  of  off  ffavoi^s.  In 
addition,  the  nutritive  value  of  the  food  may  be 
impaired,  especially  in  regard  to  loss  of  ascorbic  acid 
and  reduction  of  available  lysine  since  both  of  these 
compounds  may  be  involved  in  the  reactions.  The 
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chief  method  of  preventing  nonenzymatic  brown- 
ing is  to  dry  to  low  moisture  content.  The  moisture 
levels  required  for  adequate  stability  vary  with  the 
type  of  product.  In  the  case  of  dehydrated  orange 
crystals  Karel  (//)  found  that  moisture  contents 
as  low  as  one  percent  on  a  dry  basis  are  still  too 
high  for  complete  elimination  of  browning  and 
ascorbic  acid  destruction.  Other  investigators  have 
also  concluded  that  complete  inhibition  of  these 
reactions  requires  a  complete  absence  of  water. 
Complete  removal  of  water  from  foods,  however,  is 
not  only  uneconomical,  but  has  other  consequences : 
extremely  low  moisture  contents,  especially  where 
the  concentration  of  water  is  below  the  level  cor- 
responding to  monolayer  coverage  may  accelerate 
other  types  of  reactions,  especially  of  lipid  oxida- 
tion. Drying  to  too  low  moisture  levels,  in  general, 
may  also  initiate  nonenzymatic  browning  reactions 
according  to  Stadtman  (27).  Further  researches 
are  needed  on  the  reactions  involved  in  non- 
enzymatic browning,  the  components  of  foods  that 
are  involved,  and  the  dependence  of  the  reactions 
on  environmental  conditions,  including  moisture 
relationships. 

Acker  ( / )  states  that  in  foods  which  are  protected 
against  microbiological  deterioration  due  to  their 
low  water  content,  not  only  chemical  reactions,  such 
as  autoxidations  of  lipids  and  nonenzymatic  reac- 
tions, can  occur  during  storage  but  also  enzymatic 
reactions;  provided  that  the  enzymes  in  these  foods 
are  still  active  and  have  not  been  damaged  by  proc- 
essing. He  has  pointed  out  the  remarkable  de- 
pendence of  enzyme  reactions  on  moisture  content 
and  that,  if  not  inactivated,  enzymes  can  play  an 
important  part  in  low-moisture  foods  in  the  solid 
state.  This  dependence  of  enzymatic  reactions  on 
moisture  content  cannot  be  explained  by  the  law  of 
mass  action  but  can  best  be  understood  in  relation 
to  the  sorption  isotherm  of  the  corresponding  food. 
It  would  appear  to  be  desirable  to  study  the  enzy- 
matic changes  in  relation  to  relative  humidity.  In 
all  foods  and  model  mixtures  studied,  it  has  been 
established  that  a  noticeable  enzyme  activity  was 
first  observed  above  the  inflection  point  of  the  sorp- 
tion isotherm.  If  this  observation  were  to  be  fur- 
ther confirmed,  it  might  be  possible  to  predict  the 
occurrence  of  enzyme  reactions  from  the  sorption 
isotherm,  thereby  permitting  lengthy  storage  studies 
to  be  replaced  by  the  establishment  of  the  sorption 
isotherm  and  its  interpretation. 


Packaging  and  Storage 

Any  food  requires  packaging  adequate  to  protect 
it  from  its  environment.  Selection  of  the  proper 
package  atmosphere  and  moisture  content  requires 
a  knowledge  of  the  desired  properties  of  the  product 
and  the  storage  conditions  it  will  likely  encounter. 
Factors  associated  with  the  deterioration  of  foods 
which  can  be  influenced  by  packaging  and  package 
material  selection  are:  moisture  uptake,  oxygen 
uptake,  flavor  contamination  and  deteriorations, 
mechanical  damage  and  physical  protection — that 
is,  protection  from  insects  and  filth  by  the  package 
functioning  as  a  barrier. 

Dehydrated  foods,  in  particular,  must  be  pro- 
tected from  moisture  uptake.  They  normally  have 
a  good  shelf  life  if  the  moisture  content  is  main- 
tained within  narrow  limits.  With  dried  foods  the 
moisture  content  generally  lies  in  the  region  of  2-4 
percent,  which  often  corresponds  with  a  low  relative 
humidity.  Many  dried  foods  are  extremely  hygro- 
scopic and,  in  contact  with  an  environment  of 
greater  relative  humidity,  will  absorb  moisture  rap- 
idly. The  relationship  between  equilibrium  rela- 
tive humidity  and  moisture  content  is  peculiar  to 
each  product,  and  it  is  important  for  this  relation- 
ship to  be  known.  For  a  given  set  of  storage  condi- 
tions, knowledge  of  this  relationship  enables  one  to 
relate  the  moisture  permeability  of  the  packaging 
material  to  the  transference  of  water  vapor  into  or 
out  of  the  product  and,  thus,  to  make  a  prediction 
of  safe  shelf  life.  Tables  which  provide  equilibrium 
relative  humidity  data  for  a  number  of  foods  and 
which  contain  moisture  and  oxygen  permeability 
data  for  a  number  of  typical  packaging  materials 
may  be  found  in  the  following  source  (2) .  Taylor 
{26)  has  provided  data  for  a  number  of  freeze-dried 
foods. 

Storage  stability  is  a  vital  characteristic  of  foods. 
Extensive  storage  and  performance  studies  are  often 
necessary  since  moisture  level  affects  the  rate  of 
reactions  that  often  lead  to  serious  quality  loss. 
Makower  and  Dehority  [14)  found  that  the  maxi- 
mum moisture  content  compatible  with  storage 
stability  in  dried  vegetables  lies  below  the  inflection 
point  of  the  sorption  isotherm.  The  monolayer,  as 
calculated  by  the  equation  of  Bmnauer,  Emmett 
and  Teller  (5) ,  also  corresponds  to  a  moisture  con- 
tent that  lies  somewhat  below  the  inflection  point  of 
the  sorption  isotherm. 
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Salwin  {18)  found  that  differences  in  equilibrium 
relative  humidity  relationships  are  responsible  for 
the  migration  of  moisture  vapor  from  one  ingredient 
to  another  when  mixtures  of  several  food  ingredients 
or  foods  containing  several  ingredients  are  pack- 
aged. Moisture  sorption  data  gave  useful  guidance 
for  processing  and  packaging.  In  most  cases,  the 
monomolecular-layer  moisture  content  proved  a 
good  first  target  when  specific  stability  data  were 
lacking.  He  felt  that  the  compatibility  of  items 
which  are  to  be  packaged  together  could  be  deter- 
mined with  good  reliability  {18,  19). 

Salwin  and  Slawson  {19)  have  presented  a 
method  of  computing  the  moisture  transfer  among 
two  or  more  dehydrated  foods  within  a  package. 
It  is  based  upon  the  adsorption  theory  of  Brunauer, 
Emmett,  and  Teller  (5),  often  termed  B.E.T. 

The  B.E.T.  theory  is  dependent  on  the  observa- 
tion that  for  almost  every  food  item  the  moisture 
content  specified  for  good  stability  agreed  closely 
with  the  amount  which  represented  a  statistical 
monolayer  of  adsorbed  water.  The  values  which 
correspond  to  a  monolayer  of  adsorbed  water  com- 
puted by  the  B.E.T.  equation  agree  closely  with 
analytical  moisture  contents  (Table  1). 

Potato  flakes  are  a  relatively  new  form  of  de- 
hydrated mashed  potato.  Strolle  and  Cording 
{24)  made  moisture  sorption  studies  on  flakes  from 
several  potato  varieties.  Regardless  of  variety  or 
geographical  origin,  the  flakes  were  found  to  have 
similar  moisture  sorption  properties  and  similar 


storage  stability.  According  to  the  B.E.T.  equa- 
tion, the  flakes  should  have  an  optimum  storage 
value  between  5.1  and  5.8  percent  moisture.  These 
values  agree  well  with  data  obtained  from  storage 
tests. 

Microbial  Growth 

I N  general,  the  most  rapid  spoilage  in  foodstuffs  is 
caused  by  microbiological  changes.  Foods  with 
high  microbial  counts  are  not  of  as  good  quality  as 
comparable  foods  with  low  counts.  High  counts 
are  considered  indicative  of  poor  quality  raw  ma- 
terial, poor  manufacturing  procedures,  or  poor 
handling  and  packaging  procedures. 

An  effective  means  of  suppressing  microbial 
growth  is  to  remove  moisture.  Recently  Ferrel 
et  al.  (7)  have  determined  the  equilibrium  moisture 
behavior  of  four  different  samples  of  bulgur.  Mold 
appeared  in  all  samples  at  relative  humidity  values 
of  84  percent  and  above  in  4  to  64  days,  depending 
upon  temperature  and  relative  humidity.  On  the 
basis  of  mold  growth  alone,  these  data  point  at  a 
hazard  to  be  considered  whenever  bulgur  is  shipped 
or  stored  under  high  humidity  conditions,  particu- 
larly when  the  temperature  is  high. 

It  is  generally  agreed  that  microbial  changes  can 
occur  only  above  a  certain  atmospheric  relative 
humidity  (65  to  75  percent).  It  is  also  common 
knowledge  that  living  processes  have  a  universal 
requirement  for  water  and  that  micro-organisms  are 


Table  1. — B.E.T.  monolayer  of  adsorbed  water  for  various  food  materials  (17) 


Food  item 

B.E.T.  monolayer  percent 
water,  wet  basis 

Analytical  value 

Potato  dice  

5.  46 

5.  84 

Small  red  beans  

4.  50 

4.  73 

Onion  powder  

3.  58 

4. 10 

Crackers  

4.  23 

5.  04 

Instant  macaroni  

5.  87 

6.  99 

Instant  starch  

5.  68 

6.  28 

Dry  whole  milk  

1.  97 

I.  87 

Cocoa  beverage  powder  

2.  37 

2.  92 

Shrimp  

5.  56 

3.  09 

Chicken  

5.  48 

I.  53 

Ground  beef  

6. 19 

0.  78 
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no  exceptions.  All  of  us  are  familiar  with  the 
growth  of  mold  on  bread  and  recognize  that  this 
deterioration  proceeds  more  rapidly  under  humid 
conditions  than  under  very  dry  conditions. 

Scott  (20)  and  Christian  (5)  have  reviewed  the 
water  relations  of  food  spoilage  micro-organisms 
from  the  point  of  view  of  the  water  requirements  for 
growth.  Both  conclude  that  the  water  require- 
ments for  growth  of  many  micro-organisms  are  best 
considered  in  terms  of  the  activity  of  the  water,  a^, 
in  the  immediate  environment  of  the  organism. 
Scott  uses  water  activity,  aw  =  p/po5  to  describe  the 
status  of  water  in  the  atmosphere  as  well  as  in  the 
substrate  or  solution  in  preference  to  relative  humid- 
ity, RH,  which  applies  strictly  to  the  surrounding 
atmosphere.  In  practice,  the  a^  of  a  given  solution 
varies  only  slightly  with  temperature  within  the 
range  of  temperatures  permitting  microbial  growth. 
Both  of  these  researchers  have  pointed  out  that  al- 
though micro-organisms  can  grow  from  close  to  1.00 
aw  down  to  values  approaching  0.60  a^,  most  species 
are  limited  to  a  much  smaller  range.  As  a  class, 
bacteria  grow  at  aw  as  low  as  about  0.75,  whereas 
some  yeasts  and  molds  grow  very  slowly  at  0.62  aw- 


This  suggests  that  some  bacteria  may  yet  be  found 
to  grow  at  an  a^  below  0.75. 

Foods  preserved  by  salting,  syruping,  or  dehydra- 
tion have  in  common  low  levels  of  aw-  It  has  been 
pointed  out  that  the  water  relations  of  micro-orga- 
nisms are  important  in  determining  whether  they 
are  capable  of  spoiling  foods  preserved  by  dehydra- 
tion, salting,  or  syruping.  Freezing  is  another 
method  of  food  preservation  in  which  the  aw  is  re- 
duced substantially.  Growth  of  micro-organisms 
in  frozen  substrates  demonstrates  their  tolerance 
not  only  to  low  temperature  but  also  to  low  aw. 

*    *  * 

In  summary,  water  content  is  a  most  important 
factor  to  be  considered  in  choosing  the  conditions 
of  processing,  storage,  and  distribution  of  foods. 
Furthermore,  it  is  not  the  absolute  water  content 
that  plays  a  decisive  role,  but  the  manner  in  which 
the  water  present  is  available.  Research  is  needed 
to  fill  the  imperfections  in  our  knowledge  of  the 
forms  in  which  water  is  found  in  a  food  and  of 
the  interactions  between  water  and  other  molecules 
present  in  various  foods. 
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ON  May  27,  1966,  25  industry  leaders  and  re- 
search administrators  met  in  Chicago  to  re- 
view current  swine  industry  problems  and  research 
needs. 

The  meeting  was  arranged  as  a  working  group 
by  action  of  the  Committee  of  Nine,  a  statutory 
committee  of  USDA  whose  duty  is  to  recommend 
cooperative  regional  research  projects  for  approval 
by  the  Secretary  of  Agriculture.  This  committee 
is  concerned  with  developing  policy  and  procedures 
including  coordination  and  support  for  the  long- 
range  regional  research  programs. 

Both  Assistant  Secretary  of  Agriculture  George 
L.  Mehren  and  CSRS  Administrator  T.  C=  Byerly 
discussed  keynote  issues  at  the  meeting.  Dr.  Meh- 
ren called  attention  to  the  rapidly  decreasing  num- 
ber of  farms  reporting  swine  and  the  increase  in 
herd  size.  He  referred  to  the  shrinking  sheep  and 
dairy  industries.  He  asked  if  the  swine  industry^  is 
really  shrinking  and  if  so  why  and  what  should  be 
done  about  it.  Dr.  Mehren  challenged  the  com- 
mittee to  develop  researchable  questions. 

Dr.  Byerly  told  the  committee  its  task  is  to  deter- 
mine whether  or  not  there  is  need  to  develop  and 
evaluate  alternate  systems  of  least  cost  production 
of  high-quality  pork.  In  order  to  provide  perspec- 
tive, he  asserted  the  following  points  of  progress 
and  problems  subject  to  challenge. 

1.  Per  capita  pork  consumption  in  the  United 
States  has  been  decreasing  for  the  past  20 
years. 

2.  Lard  production  has  diminished  about  5 
pounds  per  hog  during  the  same  20  years — 
largely  because  of  genetic  information  de- 
veloped by  Federal  and  State  agencies  and 
cooperative  action  among  all  segments  of  the 
industry. 

3.  Producers  wean  about  one  pig  more  per  litter 
then  they  did  20  years  ago — mostly  because  of 
the  use  of  cross-breeding  and  antibiotics. 

4.  Cholera  and  eiysipelas  approach  eradication. 

5.  In  spite  of  major  laboratory  advances  in  swine 
nutrition,  there  has  been  no  apparent  improve- 
ment in  realized  feed  efficiency  in  the  national 
herd. 

6.  Although  individual  herds  have  increased  in 
size  while  the  number  of  farms  keeping  hogs 
has  decreased,  there  is  no  evidence  of  realized 
economy  of  scale  or  mechanization  reflected 
in  decreased  swine  production  costs. 
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7.  Too  many  sows  fail  to  conceive,  too  many 
embiyos  die,  too  many  neonates  die.  Per- 
tinent research  is  indicated,  therefore,  on  be- 
havior, environmental  physiology-,  artificial 
insemination,  endocrinolog)^,  and  SPF. 

8.  Diseases,  materials  handling,  feed  efficiency, 
marketing,  quality,  and  systems  development — 
these  are  also  some  of  the  research  problem 
areas. 

At  the  conclusion  of  the  meeting  participants 
agreed  on  the  following  points : 

1.  The  swine  industr\-  faces  real  problems  in  its 
competition  for  the  consumer  dollar. 

2.  The  ratio  of  funds  supporting  s^\"ine  research 
to  the  value  of  pork  produced  is  not  as  favor- 
able as  in  other  major  commodities. 

3.  An  interdisciplinan,'  research  approach  to 
s\vine  industry  problems  should  be  increased. 

At  the  suggestion  of  Dean  Elmer  Kiehl,  Univer- 
sity of  Missouri,  a  subcommittee  was  appointed  to 
develop  a  priority  list  of  researchable  questions  and 
to  make  other  recommendations  for  consideration 
by  research  administrators. 

To  give  readers  an  overview  of  the  swine  situation 
as  seen  through  the  eyes  of  the  committee.  Review 
presents  here  selected  excerpts  of  three  of  the 
presentations. 

TRENDS  IN  THE  SWINE  INDUSTRY 

The  swine  industry  has  been  in  turmoil,  ferment, 
and  controversy  for  the  better  part  of  two  decades. 
Recognition  of  declining  rates  of  consumption  in 
the  early  1950's  brought  to  the  surface  some  of  the 
problems  and  concerns.  Per  capita  consumption 
declined  from  80  pounds  per  person  in  1945  to  59 
pounds  per  person  in  1960.  Many  people  ha\-e 
attributed  this  decline  to  a  rejection  of  excess  fat  and 
unacceptable  pork  quality.  The  reason  for  the  de- 
cline is  not  that  simple.  In  addition  to  quality 
problems,  the  very  rapid  changes  in  our  society 
since  1945  contributed  to  the  change  in  the  con- 
sumption patterns  of  the  population.  The  con- 
tinuing shift  from  farm  to  urban  li\  ing,  the  changes 
in  living  patterns  that  accompany  higher  incomes 
and  more  leisure  time,  and  the  increased  availability 
of  competing  meats  such  as  chicken,  turkey,  and 
beef — all  contributed  to  the  decline  in  per  capita 


consumption  of  pork.  Recent  analysis  indicates 
that  we  may  be  at  the  lower  level  of  per  capita  con- 
sumption of  pork  and  we  could  conceivably  see  a 
slight  increase  in  per  capita  demand  for  pork  during 
the  next  5  to  10  years. 

During  the  past  decade,  research  and  application 
of  that  research  have  taught  us  that  we  can  produce 
pork  ^vith  larger  hams  and  loins.  The  goal  of  a 
carcass  with  40  percent  of  the  carcass  weight  repre- 
sented in  hams  and  loins  is  within  reach.  For  the 
outstanding  producers,  the  goal  is  50  percent.  To- 
day, some  pork  loins  are  as  large  or  larger  than  beef 
loins.  The  advances  in  pork  quality  during  the  past 
decade  are  impressive.  However,  it  will  be  in- 
creasingly difficult  to  achieve  the  same  level  of  im- 
provement as  \ve  mo\"e  fonvard. 

Generally,  the  changes  in  the  technology  of  hog 
production  have  contributed  to  the  intensification 
of  the  hog  enterprise  on  U.S.  farms  and  have  en- 
abled producers  to  substitute  capital  and  technology 
for  labor,  thereby  making  larger  hog  operations 
feasible  for  the  individual  producer. 

Concentration  of  hogs  in  the  North  Central 
States  rose  from  75.2  percent  in  1940-42  to  82.1 
percent  in  1964.  Increases  in  production  have  been 
largest  in  Io^va  and  Illinois.  We  fully  expect  an 
increasing  concentration  of  hog  production  in  the 
major  feed  grain  producing  areas. 

Increased  uniformity  of  farrowing  throughout 
the  year  is  another  shift  taking  place  in  hog  produc- 
tion. Variations  of  marketing  during  late  fall  and 
early  wdnter  markets  as  compared  to  the  summer 
months  have  been  reduced  substantially. 

Along  with  the  changes  in  production  and  far- 
ro\ving  patterns,  marketing  trends  and  patterns  have 
also  changed.  Io^va  has  marketed  high  proportions 
of  its  hog  output  directly  to  plants  since  the  1940's. 
At  present  over  85  percent  of  Iowa  hogs  are  mar- 
keted direct  rather  than  through  terminal  markets. 
The  shifts  in  marketing  patterns  coupled  with,  the 
rapid  rate  of  expansion  of  new  interior  plants  have 
resulted  in  increased  decentralization  of  the  hog 
market,  which  has  made  marketing  more  complex 
for  individual  producers.  As  the  number  of  mar- 
ket choices  available  to  producers  has  increased,  the 
alternative  methods  of  marketing  have  also  in- 
creased. Carcass  grade  and  yield  selling,  fonvard 
selling  through  contract  and  the  hog  futures  mar- 
ket— all  increase  the  complexity  of  market  decision- 
making for  producers. 
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The  sale  of  hogs  on  a  carcass  basis  has  contrib- 
uted to  more  accurate  pricing  of  hogs  for  the  indi- 
vidual producer  and  has  also  provided  many  pro- 
ducers with  valuable  information  as  to  carcass 
quality.  Each  company  has  developed  its  own  sys- 
tems of  carcass  evaluation  and  pricing — a  situation 
which  sometimes  makes  it  rather  difficult  for  a  pro- 
ducer to  compare  returns  from  different  lots  of  hogs 
if  he  has  sold  at  different  times  to  different  packers. 
Increased  uniformity  of  carcass  evaluation  methods 
and  pricing  methods  would  be  desirable  from  the 
producer's  standpoint. 

Following  are  some  of  the  future  research  needs 
in  our  industry: 

1.  Swine  breeding.  Thirty-five  percent  No.  I's 
is  not  good  enough.  Well-designed  breed- 
ing research  could  speed  up  this  process. 
Also,  we  need  to  know  if  less  backfat  changes 
the  physiological  makeup  of  the  pig. 

2.  Management  requirements,  in  the  broad 
sense,  of  high-intensity  confinement  systems. 

3.  Effect  of  feeding  on  reproductive  physiology 
(sow  nutrition) . 


4.  Effect  of  disease,  stress  and  environment  on 
young  pigs;  75  percent  death  loss  occurs  first 
2  to  3  weeks  of  life. 

5.  The  implications  of  forward-selling,  price- 
incentive  contracts  and  other  marketing  de- 
vices for  hog  producers. 

6.  Feasibility  of  new  hog  slaughter  facilities  lo- 
cations in  major  producing  areas. 

7.  Better  and  more  uniform  techniques  of  car- 
cass evaluation. 

8.  Merchandising  and  new  product  develop- 
ment for  pork. 

9.  Quality  improvement  and  quality  control  for 
wholesale  and  retail  pork  products. 

10.  Feasibility  of  producers  hiring  specialized 
production  and  marketing  services  on  a  group 
basis. 

11.  The  possibilities  of  more  effectively  using 
communications  technology  such  as  radio, 
telephone  auctions,  and  television  in  market- 
ing hogs. 

12.  Possibilities  of  developing  computer  tech- 
nology to  assist  producers  in  determining  cost 
of  production,  time  of  marketing  and  the 
quality  and  value  of  hogs.  Also,  possibilities 
of  using  computer  technology  in  developing 
in-plant  systems  of  identification  and  meas- 
urement which  will  increase  the  pricing  ac- 
curacy and  make  quality  differentials  systems 
more  precise. 

One  important  contribution  research  personnel 
could  make  to  the  swine  industry  at  the  present  time 
would  be  a  systematic  and  thorough  collection, 
evaluation,  and  publication  in  popular  form  of 
significant  research  relating  to  the  swine  industry. 
Much  research  has  been  done  which  has  not  come 
into  the  hands  of  Extension  personnel,  plant  person- 
nel, producers,  and  others  in  the  industry.  There 
is  need  for  a  collection,  evaluation,  reconciliation  of 
results  and  the  publication  of  these  results  if  we  are 
to  systematically  approach  the  need  for  additional 
research.  In  addition  to  providing  better  sources 
of  information,  it  would  point  up  research  gaps  and 
suggest  some  priorities  for  future  allocations  of 
resea^cn  funds. 

Lee  Kolmer, 

Dept.  of  Agr.  Economics  and  Rural  Sociology, 
Iowa  State  University. 
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SWINE  PRODUCTION  RESEARCH 
PROBLEMS 

An  expanded  research  program  on  problems 
in  swine  production  \vill  result  in  substantial  im- 
provement in  the  efficiency  of  pork  production. 
The  following  summary  of  some  of  the  major  prob- 
lems reveals  the  potential  for  improvement. 

1.  Reproductive  inefficiency  and  embryonic 
mortality — 

Only  about  80  percent  of  bred  females  con- 
ceive. In  addition  only  65  percent  of  the  eggs 
ovulated  result  in  live  pigs  farrowed.  Therefore 
the  approximate  reproductive  efficiency  from  breed- 
ing to  farrowing  is  about  50  percent. 

2.  Postnatal  mortality — 

About  30  percent  of  live  pigs  farrowed  die 
before  weaning.  At  least  two-thirds  of  this  loss 
occurs  during  the  first  three  days  after  farrowing. 
The  combined  effect  of  failure  to  conceive,  em- 
bryonic mortality,  and  postnatal  mortality  results  in 
only  about  35  percent  of  the  actual  potential  in  the 
number  of  pigs  produced  to  weaning  age. 

3.  Efficiency  of  feed  utilization — 

Feed  costs  represent  about  $2  out  of  every  $3 
of  the  cost  of  producing  pork.  More  precise  knowl- 
edge of  nutrient  requirements  for  growth,  reproduc- 
tion, lactation,  nutrient  availability  from  feedstuffs, 
selection  for  improved  feed  efficiency,  influence  of 
environment  and  management  systems,  and  effects 
of  disease  and  parasites  will  permit  substantial 
reductions  in  feed  costs. 

4.  Disease  and  parasite  losses — 

Swine  diseases  and  parasites  have  a  major  im- 
pact on  the  efficiency  of  pork  production  through 
their  influence  on  conception  rates,  prenatal  and 
postnatal  mortality,  and  on  feed  utilization.  In 
addition,  drug,  vaccine,  and  treatment  expenses  are 
added  costs  of  diseases  and  parasites  in  swine 
production. 

5.  Swine  production  systems — 

Factors  of  major  importance  are  the  develop- 
ment of  efficient  and  economical  systems  for  waste 
removal  and  disposal,  for  maximum  efficiency  in 
labor  utilization  (a  growing  concern  in  swine  pro- 
duction) of  housing  and  equipment,  for  necessar}' 
environmental  control,  and  for  protection  against 
disease  and  parasite  infestation.  Oestrus  control 
and  artificial  insemination  offer  interesting  possi- 
bilities in  improving  the  efficiency  of  swine  produc- 
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tion.    Swine  behavior  as  influenced  by  environment 
and  production  systems  is  worthy  of  study. 
6.  Pork  quality — 

The  production  of  high-quality  pork  having 
strong  consumer  acceptance  is  essential  for  expand- 
ing pork  consumption.  Improved  criteria  for 
identifying  swine  of  superior  quality,  increasing  ef- 
fectiveness of  selection  and  breeding  systems,  and 
developing  nutritional  and  management  methods 
for  producing  desired  quality  are  all  necessary  com- 
ponents for  the  solution  of  this  problem. 

R.  O.  Nesheim, 

Head,  Dept.  of  Animal  Science, 

University  of  Illinois. 

THE  PROCESSOR'S  VIEWPOINT 

As  PACKERS,  we  see  two  main  issues  involved 
in  the  relative  position  of  pork : 

1.  Costs  of  producing  pork  have  not  been  re- 
duced anywhere  near  as  spectacularly  as  the 
close  substitute — poultry. 

2.  Consumer  demand  for  pork  has  not  kept  pace 
with  another  close  substitute — ^beef. 

We  need  to  acquire  a  perspective  of  where  the 
greatest  potential  savings  in  costs  may  be.  In  1964 
the  proportion  of  the  consumer's  pork  dollar  going 
to  various  levels  was  about  as  follows : 


Cost  per 
live  cwt. 

Percent- 
age 

Farm  

16.  00 

51 

Packer  (fresh  pork)  

2.  29 

7 

Packer  (processed  pork)  

2.  95 

9 

All  transportation  

1.  60 

5 

Retailing  

8.  50 

27 

At  the  Producer  Level. — The  big  areas  for  poten- 
tial cost  reduction  are  obvious: 

1.  A  10-percent  reduction  in  the  investment  in 
the  physical  plant  for  producing  hogs  could  run 
from  $100  to  $200  million. 

2.  A  10-percent  improvement  in  feed  conversion 
would  amount  to  $200  million  a  year. 

3.  If  we  could  raise  the  efficiency  of  all  hog  pro- 
ducers to  the  level  of  the  most  efficient  one-third, 
costs  would  be  reduced  about  $450  million  a  year 
(based  on  an  Ohio  study  which  showed  that  the 
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difference  between  the  lowest  costing  one-third  and 
the  highest  costing  one-third  was  about  $5  per  cwt. 
in  1962) .  The  probable  reason  for  this  wide  varia- 
tion is  that  many  small  producers  are  \villing  to 
subsidize  hog  production  by  taking  a  very  small 
return  for  their  labor,  or  because  hogs  are  produced 
as  only  one  of  several  enterprises  and  the  producer 
does  not  keep  records  which  clearly  indicate  what 
his  returns  are  on  hogs. 

4.  Control  of  disease  could  possibly  mean  even 
greater  direct  savings.  In  addition,  control  or  sub- 
stantial improvement  in  this  area  would  have  im- 
portant indirect  effects  on  the  image  of  pork,  the 
rate  of  gain  in  feed  conversion,  and  the  ability  to 
put  together  big  units  which  ^vould  reduce  costs. 

At  the  Packing  Level. — Potential  for  saving  at 
the  packer  level  is  not  as  great  because  the  packer 
adds  less  value  than  the  producer  does.  Further- 
more, competition  is  keener  at  the  packer  level  than 
at  the  production  level.  Most  packers  have  to  pay 
competitive  w^age  scales,  so  there  can  be  no  sub- 
sidization at  this  level.  The  bulk  of  the  hogs  are 
handled  by  packers  whose  major  enterprise  is  the 
processing  of  meat;  thus,  most  packers  are  required 
by  economic  circumstances  to  know  with  reasonable 
accuracy  what  their  returns  "are  on  pork.  There 
are,  of  course,  variations  in  costs  between  the  most 
efficient  and  the  least  efficient.  If  we  compared  the 
top  third  with  the  low  third,  however,  the  variation 


would  probably  be  on  the  order  of  50^  per  cwt.,  or 
less,  as  contrasted  with  the  $5  at  the  producer  level. 

At  the  Retailer  Level. — The  available  data  (the 
McKinsey  Meat  Study,  1964,  and  USD  A  studies) 
indicate  retail  margins  on  pork  are  much  wider  than 
on  beef.  It  is  likely  that  a  substantial  proportion 
of  this  is  labor  which  cannot  be  readily  reduced 
within  the  present  technology. 

Trends  Associated  With  Reduced  Production  Costs 

A  REDUCTION  in  the  incidence  of  disease  and 
a  general  lowering  of  costs  through  improved  feed 
conversions  would  provide  an  incentive  for  hogs 
to  be  produced  in  larger  units.  It  would  probably 
also  lead  to  increased  specialization  and  possibly  a 
further  division  between  the  production  and  the 
feeding  of  hogs. 

A  few  cattle  feeding  units  are  now  handling  tens 
of  thousands  of  head  of  cattle.  If  the  average  hog 
producer  were  to  grow  and  market  10,000  head 
of  hogs,  we  could  produce  our  present  requirements 
with  about  8,000  producers  as  contrasted  with  the 
near  1  million  different  producers  we  now  have. 

If  production  units  should  grow  to  large  size  and 
be  much  more  specialized  than  at  the  present  time, 
producers  will  want  to  shift  part  of  the  risk  of  price 
change  to  packers  or  to  others.  This,  we  believe, 
will  lead  to  contracting  of  hogs  for  future  delivery. 
If  the  futures  in  live  hogs  should  continue  to  develop. 
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there  would  be  a  tendency  for  producers  or  packers 
to  shift  some  of  the  economic  risk  to  professional 
risktakers. 

Although  only  spotty  statistics  are  available,  the 
evidence  indicates  that  the  large  hog  producers  of 
today  are  tending  to  produce  somewhat  better  than 
average  quality  hogs.  We,  thus,  would  assume  that 
as  units  get  larger  we  may  speed  up  the  trend  toward 
better  quality  hogs. 

Demand 

T  HE  demand  for  pork  has  held  up  better  than  the 
demand  for  many  other  foods  such  as  milk,  eggs, 
lamb,  most  cereal  products,  potatoes.  It  has  not, 
however,  maintained  the  pace  of  beef.  In  1947- 
49,  43  percent  of  the  meat  and  poultry  dollar  was 
spent  on  pork.  By  1964,  this  had  dropped  to  32 
percent.  If  the  proportion  had  remained  the  same, 
the  amount  spent  on  pork  would  have  been  $2^ 
billion  higher  than  it  actually  was  in  1964.  The 
stagnant  demand  for  pork  has  frequently  been  at- 
tributed to  fat.  Undoubtedly  this  is  one  of  the 
major  causes  but  evidence  would  indicate  that  it  is 
not  the  only  factor. 

Differences  in  Value 

The  packing  industry  has  frequently  been  cited 
for  contributing  to  the  loss  of  consumer  interest  in 
pork  because,  it  is  claimed,  it  has  not  induced  pro- 
ducers to  develop  a  better  hog.  It  has  been  stated 
that  if  packers  would  pay  a  differential  for  the  bet- 
ter hogs  or  conversely  discount  the  poorer  hogs,  this 
would  result  in  upgrading  hogs  at  the  farm  level  and 
stimulate  consumer  demand. 

Studies  made  at  Oscar  Mayer  &  Co.  in  1964  indi- 
cate that  the  variation  in  value  between  the  average 
No.  1  hog  and  the  average  No.  3  hog  is  not  as  large 
as  has  frequently  been  assumed.  The  wide  differ- 
ences that  come  out  of  some  studies  appear  to  be 
based  on  the  difference  between  very  high  quality 
No.  1  hogs  and  very  poor  No.  3's  rather  than  on  aver- 
age quality.  Using  fiscal  1964  average  prices  for 
wholesale  cuts,  the  Oscar  Mayer  study  showed  that 
on  a  green  primal  cut  basis,  the  average  No.  1  hog 
was  worth  about  33  cents  per  live  cwt.  more  than  the 
average  No.  3  for  the  210-220  weight  range. 

It  is  not  frequently  recognized  that  almost  any 
farmer  in  the  Corn  Belt  has  ready  access  to  a  pack- 
ing plant  or  a  packer  buying  station  that  will  buy 
his  hogs  on  a  grade  and  yield  basis,  wherein  the  dif- 


ferences in  value  to  the  packer  are  reflected  to  the 
producer.  Packers  buying  on  a  live  basis  also  pay  a 
differential  for  the  better  hogs,  but  frequently  the 
prices  are  averaged  so  that  the  difference  in  value 
between  grades  is  not  called  to  the  attention  of  the 
producer  as  forcefully  as  when  he  sells  on  a  grade 
and  yield  basis.  Also,  because  it  is  difficult  to  esti- 
mate yield  in  buying  live  (a  factor  which  is  auto- 
matically taken  care  of  in  grade  and  yield  buying) , 
some  packer  buyers  may  be  a  little  more  conserva- 
tive in  quoting  differentials  on  a  live  basis.  No  data 
on  this  point,  however,  are  readily  available. 

Suggested  Areas  of  Research 

In  addition  to  the  suggested  areas  of  research 
previously  mentioned,  there  are  other  areas  we  feel 
would  also  be  beneficial. 

What  happens  in  the  hog  cycle?  Who  expands? 
Who  cuts  back? 

What  are  the  changes  in  farm  management  sys- 
tem which  are  affecting  hog  production? 

What  are  the  economic  losses  from  cycles? 

What  steps  could  be  taken  to  help  avoid  major 
cycle  swings? 

What  are  the  facts  on  the  value  of  pork  in  the 
diet  relative  to  competing  products? 

How  can  we  improve  cooking  methods  and  pro- 
vide the  ease  in  using  pork  which  pertains  to  other 
meats? 

How  can  we  develop  incentives  to  encourage 
hotels  and  restaurants  to  feature  pork  more  often? 

Work  also  needs  to  continue  on  controlling  the 
incidence  of  pale,  watery  pork. 

We  also  feel  that  attention  needs  to  be  given  to 
the  changes  which  would  be  brought  about  by  suc- 
cessful research  which  might  alter  the  production, 
marketing  and  processing  of  pork.  Who  would  be 
the  beneficiaries?  Who  might  be  injured  by  the 
changes?  And  what  would  be  the  effects  on  com- 
peting products? 

Pork  should  not  be  sold  short;  its  demand  has 
held  up  relatively  well  and  a  real  breakthrough  in 
the  cost  of  producing  pork  is  not  only  possible  but 
attainable  if  we  copied  the  best  techniques  already 
known.  To  increase  the  consumption  of  pork,  we 
feel  the  biggest  payoff  would  come  through  the  cost 
route. 

Arval  Erikson, 

Vice  President,  Oscar  Mayer  &  Co., 
Madison,  Wis. 
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Advances  in 

DOCUMENTATION 
RESEARCH 


MOST  agricultural  scientists,  no  doubt,  are  well 
aware  of  the  revolutionar}'  changes  taking 
place  in  the  documentation,  storage,  and  retrieval 
of  science  information.  An  earlier  issue  of  Review 
discussed  computer  handling  of  the  burgeoning 
data  in  the  agricultural  sciences  ("Computer  Ap- 
plications to  Agricultural  Science,"  Vol.  3  No.  2, 
1965).  Another  issue  reviewed  the  Federal  facili- 
ties being  established  to  provide  better  communi- 
cation and  coordination  of  science  knowledge 
("Communicating  and  Coordinating  Agricultural 
Research:  A  Review  of  Federal  Facilities,"  Vol.  3 
No.  3,  1965). 

Not  so  well  known,  we  suspect,  is  the  vast  scope 
of  research  activity  on  all  aspects  of  science  informa- 
tion handling.  A  realization  of  how  broad  the 
panorama  is  became  apparent  to  those  outside  docu- 
mentation research  recently  when  the  National 
Science  Foundation  published  a  400-page  volume 
titled,  "Current  Research  and  Development  in 
Scientific  Documentation  No.  12"  (CRDSD  No. 
12). 

Review  believes  this  volume  deserves  more  than 
casual  commentary  on  our  pages — not  only  to  en- 
lighten those  readers  who  might  nor  hear  about  it 
otherwise,  but  also  to  relate  the  impact  of  this 
rapidly  growing  discipline  to  the  agri-related  fields 
of  interest.  One  need  be  only  slightly  aware  of  the 
"Babel  of  words"  pouring  into  libraries  to  reach  the 
sobering  realization  that  science  is  facing  problems 
never  before  dreamed  of.  Even  the  most  modern 
giant  computer  complex — impressive  though  it  may 
be — represents  only  a  modest  beginning  in  digging 
ourselves  out.  For  there  is  much  we  need  to  know 
about  science  documentation  before  we  can  truly 
escape  from  the  card  file-bookshelf  era.  In  the 
meantime,  researchers  in  this  field  are  making  a 
good  start — as  CRDSD  No.  12  shows  so  well. 
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Essentially,  CRDSD  No.  12  is  a  cumulative 
bibliography  listing  nearly  3,000  publications  and 
reports  of  research  in  scientific  documentation.  It 
was  compiled  by  the  Office  of  Science  Information, 
National  Science  Foundation.  One  of  the  com- 
mendable features  of  the  volume  is  that  practically 
every  item  contains  information  on  where  the  cited 
document  may  be  obtained.  Furthermore,  the 
Foundation  made  a  special  effort  to  make  as  many 
documents  as  possible  available  from  the  Clearing- 
house for  Scientific  and  Technical  Information, 
U.S.  Department  of  Commerce,  Springfield,  Va. 
In  most  cases,  hard  copies  are  available. 

Classification  of  the  documents  as  to  subject  mat- 
ter and  an  actual  count  of  the  cited  documents  will 
indicate  how  far  this  discipline  has  gone  in  just 
about  a  decade  of  existence. 


1.  Information  Needs  and  Uses — 221  docu- 
ments. These  include  studies  and  analyses 
of  the  information  needs  of  scientists,  the 
uses  made  of  scientific  and  technical  infor- 
mation, and  communication  problems  in 
science. 

Agricultural  Science  Review 


2.  Information  Storage  and  Retrieval — 933 
documents.  This  category  covers  studies  of 
methods  and  systems  for  analyzing,  orga- 
nizing, encoding,  storing,  and  searching  sub- 
ject matter. 

3.  Mechanical  Translation — 476  docu- 
ments. These  deal  with  research  on  prob- 
lems of  automatic  translation  from  one 
natural  language  to  another. 

4.  Equipment — 129  documents.  These  in- 
clude reports  on  the  development  of  devices 
for  the  processing  of  scientific  information. 

5.  Related  Research — 1,010  documents. 
These  reports  cover  research  on  problems  not 
immediately  connected  with  scientific  docu- 
mentation, but  whose  solution  is  likely  to 
have  an  impact  on  the  future  of  documenta- 
tion— for  example,  character  and  pattern 
recognition,  speech  analysis,  artificial  intel- 
ligence, and  others. 

Many  of  the  documents  reflect  an  awareness  by 
researchers  of  the  information  and  communication 
problems  facing  the  science  community  today.  For 
example,  consider  the  following  titles:  The  Flow 
of  Information  Among  Scientists:  Problems,  Op- 
portunities, and  Research  Questions;  Style  and 
Speed  in  Publishing  Abstracts;  The  Library  of  To- 
morrow— Today;  How  to  Design  an  Information 
Center;  and  Augmenting  Human  Intelligence. 

As  might  be  expected,  hundreds  of  the  documents 
are  closely  related  to  the  use  of  electronic  data  proc- 
essing in  handling  science  documentation,  as  the 
following  sample  titles  show:  Communication  En- 
gineering Approach  to  Microforms,  A  Device  for 
Feeding  Graphs  into  Digital  Computers,  and  A 
Method  of  Voice  Communication  with  Digital 
Computer. 

Like  other  disciplines,  this  one  has  its  own  dis- 
tinctive vocabulary — many  words  of  which  would 
be  utterly  meaningless  to  those  outside  the  discipline 
as  these  titles  show:  A  General  Convergence 
Theorem  for  the  Four-Layer  Series-Coupled  Per- 
ceptron.  An  Adaptive  Adaline  Neuron  Using  Chem- 
ical Memistors,  Transition  and  Release  as  Perpetual 
Cues  for  Final  Plosives. 

Closer  scanning  of  CRDSD  No.  12  reveals  some 
areas  of  research  that  seem  to  be  only  remotely  as- 
sociated with  documentation.  For  example,  a  Cali- 
fornia researcher  made  a  study  to  observe  how 
humans  make  mistakes  in  order  to  discover  how  to 


get  computers  to  do  likewise.  In  a  Harvard  study, 
a  computer  system  was  used  to  analyze  some  char- 
acteristics of  genuine  vs.  simulated  suicide  notes. 
At  least  four  studies  are  cited  that  deal  with  chess 
playing  and  the  complexity  of  problem  solving. 

Most  of  the  research  cited  is  being  conducted  in 
the  United  States,  although  projects  are  reported 
from  nearly  a  score  of  other  countries.  The  heaviest 
concentrations  abroad  are  in  England  and  Russia. 

What  are  the  implications  of  all  this  activity  to 
the  agricultural  sciences?  That  is  difficult  to  say 
at  the  moment.  The  situation  might  be  likened 
to  that  of  a  foot  traveler  who  needs  to  climb  another 
hill  or  two  before  he  can  properly  assess  the  nature 
of  the  terrain  around  him.  Of  course  there  are 
those  visionaries  who  hopefully  look  for  the  day 
when  it  will  be  possible  for  a  researcher  to  push  a 
button  and  have  a  machine  spew  out  to  him  a  list- 
ing of  all  the  research  being  conducted  on  a  particu- 
lar problem.  To  some  extent  we  are  already 
entering  this  stage — as  attested  to  by  the  Science 
Information  Exchange,  the  Clearinghouse  for  Fed- 
eral Scientific  and  Technical  Information,  and 
others.  And  of  course,  within  the  Department  of 
Agriculture,  the  new  organization,  Current  Re- 
search Information  System  (CRIS) ,  is  charged  with 
developing  compatible  information  storage  and 
retrieval  procedures  for  research  conducted  in  the 
USDA  and  State  agricultural  experiment  stations. 

Despite  the  rapid  advances  being  made  in  ma- 
chine storage  and  retrieval,  some  agricultural  scien- 
tists take  a  skeptical  view  of  such  methods.  This 
is  understandingly  so,  because  the  new  system  in- 
vades the  traditional  person-to-person  lines  of  com- 
munication that  have  served  them  so  well.  For 
example,  the  first  announcement  of  the  establish- 
ment of  Science  Information  Exchange  (SIE)  drew 
the  expected  comments  from  scoffers  who  said  they 
couldn't  foresee  any  need  to  take  any  advantage 
from  the  new  service  SIE  would  offer.  Yet  today, 
inquiries  for  data  on  current  research  are  pouring  in 
from  many  of  this  same  group.  Indeed,  a  member 
of  the  Review  staff  has  listened  to  quite  a  number 
of  confessions  from  agricultural  scientists  within  the 
past  year  acknowledging  that  they  find  it  impossi- 
ble to  keep  up-to-date  under  the  old  system. 

Let  us  suppose,  for  a  moment,  that  eventually  the 
documentalists  will  be  able  to  announce  the  stor- 
age and  retrievability  of  all  existing  knowledge  per- 
taining to  the  agricultural  sciences.    Let  us  further 
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suppose  that  a  need  arose  to  determine  the  extent 
of  our  knowledge  on,  say,  s%vine  nutrition.  Would 
we  have  the  courage  to  push  the  button?  Bentley 
Glass  once  said  if  all  man's  knowledge  of  molecular 
biology  were  computer-stored  and  available  to  him 
at  the  touch  of  a  button,  he  doubted  if  he  would 
care  to  expose  himself  to  the  deluge. 

It  is  precisely  because  of  such  predictable  prob- 
lems as  these  that  researchers  in  documentation  are 
addressing  themselves  to  the  wide  panorama  of  study 


cited  by  National  Science  Foundation  in  its  CRDSD 
No.  12.  To  an  obscure  nematologist  carefully 
studying  his  specimens  in  a  laboratory,  word  of  a 
documentation  project  on,  say,  "the  theory  of 
clumps"  may  well  bring  a  reaction  of  mild  amuse- 
ment from  him.  Yet  the  documentalist  some  day 
may  be  able  to  tell  the  nematologist  he  is  wasting  his 
time.  His  research  problem  has  already  been  solved 
by  another  nematologist  in  another  State,  another 
country.    The  computer  says  so. 
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